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ABSTRACT 
The purpose of this study was to examine how the textile and apparel industry 
competitiveness in developed countries, namely the United States and Japan, related to trade 
and productivity between 1962 and 2010.  The United States and Japan were selected for 
this study because of their similar economic development levels, each having its unique 
strategy to increase domestic textile and apparel industry competitiveness. This study 
proposed a theoretical framework based on competitive advantage theory, comparative 
advantage theory, and new growth theory to determine the relationship between trade balance 
and the principle goal of industrial competitiveness and between productivity and the 
principle goal of industrial competitiveness. This research used neoclassical theory to 
measure productivity.  
This study used two stages to test the research hypotheses: (a) preliminary and (b) the 
Granger causality test. Preliminary data analysis included (1) a data cleaning procedure; and 
(2) the Granger causality test’s assumption check by conducting analysis of a stationarity test; 
and (3) descriptive statistics. The Granger causality test included: (1) identification of time lag 
structure for the Granger causality regression models using F-statistics and t-statistics; and (2) 
interpretation of the final Granger causality models with statistically significant lag structures 
found (Granger, 1969).  
The research found that there was no relationship between trade balance and the 
principle goal of industrial competitiveness in the U.S. and the Japanese textile and apparel 
industries. This research found that income growth had a negative causal effect on trade 
balance growth in the Japanese apparel industry, even though there was no causal effect of 
trade balance growth on income growth found. For both the U.S. textile industry and the 
Japanese textile and apparel industries, no causal relationship was found between 
productivity and the principle goal of competitiveness. However, the study did find that there 
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was a causal effect of productivity on the principle goal of industrial competitiveness in the 
U.S. apparel industry.  
This research has both theoretical and practical implications for textile and apparel 
industries in developed countries. Theoretically, this study provided a comprehensive 
definition of competitiveness that clarifies the major construct of Michael Porter’s 
Competitive Advantage Theory. Practically, the research provided different strategies for 
apparel and textile firms or industries with different focus in developed countries. Textile and 
apparel firms with strong domestic production will need to restructure their strategies to focus 
on high value added activities and to decrease the production function to be able to increase 
their industrial competitiveness with trade balance and productivity growth. Textile and 
apparel firms with strong high value added functions such as innovation and product strategy 
as well as marketing and supply chain management which created a global brand should focus 
on increasing trade balance and productivity because they are both positively related to their 
industrial competitiveness.  
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CHAPTER 1. INTRODUCTION 
Globalization can be both stimulating and challenging to a domestic industry (Porter, 
1990). Industries can increase their market by exporting goods as well as boost efficiency by 
outsourcing parts of their operations to other countries (Porter, 1990). Conversely, imported 
products might cause industries to lose a substantial portion of the domestic market and/or 
downsize due to relocation of their production to other countries, and, in extreme cases, fail, 
because of competition (Krugman & Obstfeld, 1999; Porter, 1990).  
As globalization spreads, the term of competitiveness also spreads in response to 
increased competition around the world (Krugman, 1994a). Scholars view competitiveness as 
an ability to meet the demands of rivalry (Porter, 1990). However, a clearer definition of the 
term remains elusive (Murray, 1995; Nordas, 2004; Siggle, 2001). The meaning of the term 
varies from industry employment indicators (Murray, 1995), labor productivity (Siggle, 
2001), domestic market share in comparison with foreign products (Nordas, 2004), to export 
performance (Siggle, 2001). To move competitiveness research forward, a comprehensive 
and unambiguous definition of the construct is necessary (Elo & Kyngas, 2007; Spiggle, 
1994). 
Scholars argue that textile and apparel industries in developed countries are losing 
their competitiveness (Dickerson, 1999; Taplin & Winterton, 2004). The number of 
employees and the market share of domestically–produced goods have been steadily 
decreasing as a result of a significant increase of imports from developing countries 
(Dickerson, 1999). To maintain competitiveness in the textile and apparel industries in 
developed economies, a set of multilateral trade policies called Multi Fiber Agreement 
(MFA) was enacted in 1974 (Dickerson, 1999). The creation of the MFA prompted serious 
concerns because it was the only exception of the General Agreement on Tariffs and Trade 
(GATT) policies aimed to liberalize world trade and promote equal trade opportunities for all 
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countries (Arpan, Torre, & Toyne, 1982; Tsay, 1988). MFA enforcement also generated a 
widespread interest in studying the effects of trade on textile and apparel industry 
competitiveness in various countries (e.g., Arpan et al., 1982; Blinder, 1990; Krueger, 1996; 
Murray, 1995). However, the effects of trade regulations on textile and apparel industry 
competitiveness remain unclear, despite a significant body of research (Beason & Weinstein, 
1996; Lee, 1995). Some studies have concluded that high exports and low imports are related 
to high industrial competitiveness (Felbermayr, 2005; Lawrence & Weinstein, 1999; Lee, 
1995); whereas others have found no relationship between trade and industrial 
competitiveness (Beason & Weinstein, 1996; Bhangwati, 1988).  
In contrast, some scholars argue that rather than trade, competitiveness in textile and 
apparel industries in developed countries primarily depends on productivity of the production 
process (e.g., labor), which measures how efficiently input factors are utilized in the 
production process (Norsworthy & Malmquist, 1983). Scholars believe the changes in input 
factors greatly influence the productivity of the production process, but there are 
disagreements about which input factors are more important in productivity growth and 
competitiveness growth in textile and apparel industries (Abernathy et al., 1995; Bertacchini 
& Borrione, 2009; Dickerson, 1999; Nordas, 2004). Traditionally, labor has been considered 
the most important input factor in determining textile and apparel industry productivity 
(Abernathy et al., 1995; Dickerson, 1999; Nordas, 2004) because the two industries, and 
especially apparel, are dependent on repetitive manual work, such as intricate sewing (Fan et 
al., 1998). Salinger (2003) suggests global competition in the apparel industry forces firms to 
leave countries with high labor costs for those with less expensive labor, resulting in 
decreased industry competitiveness in developed countries (Hanson, 1996).  
Scholars argue the focus on labor as the most important input factor in textile and 
apparel industries fails to explain why some developed countries with high labor costs still 
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enjoy competitive textile and apparel industries (Bertaccnhii & Borrione, 2009; Rantisi, 
2002). For example, scholars believe that Italy and Japan, which are highly developed 
economies, continue to have competitive textile and apparel industries (Bertaccnhii & 
Borrione, 2009; Rantisi, 2002). As a result, a research stream about other input factors that 
might influence productivity in textile and apparel industries in developed nations became 
prominent (Bertaccnhii & Borrione, 2009; Rantisi, 2002; Scott, 2006). Bertacchini and 
Borrione (2009) suggested knowledge, as an input factor, should be used to understand textile 
and apparel industry competitiveness in developed countries. The researchers argue 
knowledge increases efficiency of the overall production process of a company—through 
design and product development processes, supply chain management, marketing, and 
craftsmanship, which results in higher productivity and greater competitiveness of the sectors 
as a whole (Rantisi, 2002; Scott, 2006). To summarize, extant research identifies two groups 
of factors that might affect textile and apparel industry competitiveness, particularly, in the 
context of developed countries. These factors include trade and productivity. 
1.1 Purpose of the Study 
The purpose of this study was to examine how textile and apparel industry 
competitiveness in developed countries relates to trade and productivity. The United States 
and Japan were selected for this study because they have very similar economic development 
levels (OECD, 2011); yet, they chose to utilize different strategies to increase 
competitiveness of domestic textile and apparel industries (Chapple, 1999; Fernie & Azuma, 
2002; Kanamori, 1988; Spinger, 1998; Yoshimatsu, 2000). The U.S. government, and textile 
and apparel industries heavily focused on trade–related strategies aimed at decreasing trade 
deficit through MFA enforcement (Dickerson, 1999; Spinanger, 1998). In contrast, to 
maintain competitiveness of its textile and apparel industries, the Japanese government and 
companies focused on strategies related to increasing productivity through knowledge growth 
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(Kanamori, 1988; Yoshimatsu, 2000). Through targeted industrial policies, the Japanese 
government promoted quick response systems and a new marketing strategy to focus on niche 
markets to increase its productivity (Kanamori, 1988; Yoshimatsu, 2000). To summarize, the 
United States had a heavy emphasis on trade; whereas, Japan promoted productivity growth 
through knowledge to support competitiveness of its textile and apparel industries.  
The U.S. and Japanese strategies supporting respective domestic textile and apparel 
industries are clearly different; yet, no research investigated how effective these strategies are 
in terms of maintaining competitiveness of the two industries. Furthermore, no study has 
investigated the long–term effects of trade vs. productivity strategies on competitiveness 
growth over an extended period using time series data (Lee, 1993). The proposed study 
provided empirical evidence to the continuing heated theoretical debate whether trade or 
productivity are vital in maintaining industrial competitiveness in developed countries. From 
the practical standpoint, policy–makers, and textile and apparel industry practitioners in 
countries with varying levels of economic development can use the results of this study as a 
guideline for competitiveness growth strategies.  
1.2 The Objectives of the Study 
To address the purpose of the study and examine how trade and productivity are 
related to textile and apparel industry competitiveness, the following objectives are proposed:  
1. Analyze theoretical backgrounds and meanings of competitiveness in extant 
research to develop a comprehensive perspective and definition of the construct. 
2. Examine how competitiveness of textile and apparel industries is affected by 
textile and apparel trade.  
3. Examine how competitiveness of textile and apparel industries is affected by the 
industries’ productivity. 
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1.3 Significance of the Study 
The proposed comparative analysis of textile and apparel industry competitiveness in 
the United States and Japan contributed theoretically, empirically, and methodologically to 
the existing body of competitiveness research and practically to the society. Theoretically, 
this study proposed a comprehensive definition of competitiveness that clarifies the major 
construct of Porter’s (1990) competitive advantage theory. This study identified conceptual 
pillars in the competitiveness construct and clarified, as well as interpreted them, based on 
extant research. Second, this research bridged a gap in competitive advantage theory (Porter, 
1990), using a trade research stream, based on an international economics research stream 
such as comparative advantage theory (Krugman, 1994a) and a growth economics research 
stream such as neoclassical growth theory and new growth theory (Krugman, 1991Krugman, 
1991; Romer, 1986; Solow, 1957). Third, this research introduced the concept of knowledge 
in the context of competitive advantage theory for the first time as the most important factor 
to determine industry’s competitiveness in developed countries (Krugman, 1991Krugman, 
1991; Romer, 1986).  
Empirically, this research examined and compared the role of trade and productivity 
in competitiveness of textile and apparel industries in the United States and Japan. No 
previous study has examined how trade and productivity in textile and apparel industries in 
the United States and Japan affect competitiveness of the industries. The examination of these 
two countries was especially significant because the United States and Japan represent 
different strategies for competitiveness growth, where the United States represents trade–
based strategy and Japan represent productivity–based strategy (Chapple, 1999; Fernie & 
Azuma, 2002; Kanamori, 1988; Spinger, 1998; Yoshimatsu, 2000). Methodologically, this 
research utilized Granger causality test (Granger, 1987) to examine the causal effect of trade 
and productivity to competitiveness of textile and apparel industries in the United States and 
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Japan for the first time. By using Granger causality test (Granger, 1987), this research 
identified the long–term effect of trade and productivity in competitiveness in the United 
States and Japan.  
 From a practical perspective, this research provided empirically–based evidence for 
textile and apparel industry businesses interested in increasing their businesses’ 
competitiveness. Entrepreneurs can identify which strategy is useful to increase their 
competitiveness and decide to focus on either trade–or productivity–based strategies. 
Government officials in the United States and Japan, as well as other countries interested in 
textile and apparel industry competitiveness, to reframe the structure of national 
competitiveness, can use the results of this research as a guideline to formulate a strategy to 
support domestic industries. Other labor–intensive manufacturing industries, such as the 
footwear industry or furniture industry might use results from this study to develop and 
implement appropriate competitiveness strategies.  
1.4 Organization of the Study 
Chapter 1 explained the purpose, objectives, and significance of the study. It 
presented the dissertation’s organization and defines the terminology used in this research. 
Chapter 2 focused on defining the construct of competitiveness, based on Porter’s 
competitive advantage theory (1990) and existing competitiveness literature. Existing 
definitions of competitiveness from extant research were analyzed using the content analysis 
method with the goal to formulate a comprehensive definition of competitiveness, namely, 
national competitiveness and industrial competitiveness (Elo & Kyngas, 2007; Spiggle, 1994). 
The effects of trade and productivity in competitiveness growth were also discussed. The 
second section of Chapter 2 explained the industrial competitiveness context for textile and 
apparel industries in developed countries, focusing on the role of knowledge, based on new 
growth theory (Krugman, 1991Krugman, 1991; Romer, 1986). During the process, 
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knowledge is explained as a major factor that determines productivity in textile and apparel 
industries in developed countries. The third section of Chapter 2 provided a tool to measure 
knowledge, based on neoclassical growth theory (Solow, 1957). The fourth section of 
Chapter 2 summarized the study’s research hypotheses using a pictorial diagram.  
Chapter 3 presented the methodology and procedures for collecting and analyzing 
data. The first section of Chapter 3 discussed the research design that introduces the overall 
procedure for this study. The second section of Chapter 3 explained the measure of industrial 
competitiveness, trade, and knowledge. The next section of Chapter 3 described data 
collection procedures. The last section explains the data analysis procedure, using Granger 
causality test (Granger, 1969). Chapter 4 reported results of the Granger causality test. 
Chapter 5 discussed findings and implications for this study. It also outlined limitations of 
this research and suggestions for further research.  
1.5 Definition of Terms 
Apparel industry— “a diverse range of establishments manufacturing full lines of 
ready–to–wear apparel and custom apparel: apparel contractors, performing cutting or sewing 
operations on materials owned by others; jobbers performing entrepreneurial functions 
involved in apparel manufacture; and tailors, manufacturing custom garments for individual 
clients are all included. Knitting, when done alone, is classified in the Textile Mills subsector, 
but when knitting is combined with the production of complete garments, the activity is 
classified in Apparel Manufacturing” (U.S. Census Bureau, 2011c, para.1).  
Balanced growth path — a hypothetical status of production process where “capital, 
output, consumption, and population are growing at constant rates” (Jones, 1998, p. 33) 
Comparative advantage of nations — a theory that explains the mechanism of 
international trade, based on the combination of relative productivity and labor costs to 
foreign competitors (Krugman & Obstfeld, 1999). 
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Competitive advantage theory — Michael E. Porter’s (1980) theory that considers 
how an economic prospect of a subject, like firm competitiveness, industrial competitiveness, 
or national competitiveness, is related to demand conditions, supply conditions, related 
industries, and firm strategies influenced by government policies (Porter, 1990).  
Competitiveness — an ability that determines “sustained superior performance” 
relative to rival entities in a global environment (Powell, 2001, p. 875). 
Competitiveness growth — the growth of an ability that determines “sustained 
superior performance” relative to rival entities in a global environment (Powell, 2001, p. 
875). 
Developed country — a country with a high level of economic development, such as 
the United States and Canada in North America; Western Europe; Central and Eastern 
Europe (except Belarus, Republic of Moldova, Russian Federation, Ukraine, and Turkey); 
Australia, Bermuda, Japan, and New Zealand (UNESCO, 2009).  
Fashion capital cities — cities known for highly developed textile and apparel 
agglomeration producing high value–added and specialty textile and apparel products. 
Fashion capital cities have a concentrated high–level knowledge of the design and product 
development processes, supply chain management, marketing, and craftsmanship specific for 
producing  high value–added textile and apparel products (Rantisi, 2002; Scott, 2006). 
Firm (or company, or business) — an organization that converts inputs into outputs 
for profit (Coelli et al., 2005). 
Globalization — “the intensification of international economic exchange and the label 
for the contemporary era of international economic integration” (Brady, Beckfield, & 
Seeleib–Kaiser, 2005, p. 922). 
Industrial competitiveness — an ability that determines “sustained superior 
performance” within a global industry (Powell, 2001, p. 875).  
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Industry —“a group of competitors producing products or services that compete 
directly with each other” (Porter, 1990, p. 33). 
Input factors (or production input factors) — factors that determine total output in the 
production process, including capital, labor, and knowledge (Solow, 1957). 
Knowledge — the way inputs in the production process are transformed into output 
(Fuhrer & Little, 1996, p. 72); represents a firm or an industry’s intangible asset to generate 
“innovation, development and diffusion and intangibles like organizational structure, 
management skills, and culture” (Fuhrer & Little, 1996, p. 2; Jones, 1998). Refers to as total 
factor productivity in neoclassical growth theory (Jones, 1998; Solow, 1957).  
National competitiveness — a nation’s ability that determines “sustained superior 
performance” in a global environment (Powell, 2001, p. 875). 
Neoclassical growth theory — a theory based on the Solow’s residual in the 
production function to calculate technical know–how, called total factor productivity. The 
theory claims the level of technical know–how, known as knowledge, shapes the way an 
industry operates and results in long–term efficiency of the production process (Jones, 1998; 
Solow, 1957). 
New growth theory — a theory that explains characteristics of knowledge by 
increasing returns to scale, non–rivalry, non–excludability, tacitness and codifiability, and the 
role of governments in the growth of knowledge by stimulating knowledge accumulation 
through development of government policies (Romer, 1986). 
Output (or production output) — the goods and services produced by an establishment 
through a production process (United Nations, 2010). 
Production — an activity carried out under the control and responsibility of an 
institutional unit that uses inputs of labor, capital, and goods and services to produce outputs 
of goods or services (United Nations, 2010). In this study, production includes all activities to 
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produce products, including design and product development processes, supply chain 
management, marketing, and craftsmanship (Rantisi, 2002; Scott, 2006). The result of a 
production process is output (or production output).  
Productivity — the efficiency of a production process to transform input to output 
(Coelli et al., 2005). 
Productivity growth — the growth of efficiency of a production process to transform 
input to output (Coelli et al., 2005). 
Textile industry — includes textile mills and textile production mills (U.S. Census 
Bureau, 2011d). Textile mills are “establishments that transform a basic fiber (natural or 
synthetic) into a product, such as yarn or fabric that is further manufactured into usable items, 
such as apparel, sheets, towels, and textile bags for individual or industrial consumption. The 
further manufacturing may be performed in the same establishment and classified in this 
subsector, or it may be performed at a separate establishment and be classified elsewhere in 
manufacturing” (U.S. Census Bureau, 2011a, para.1). Textile production mills are 
“establishments that make textile products (except apparel). With a few exceptions, processes 
used in these industries are generally cut and sew (i.e., purchasing fabric and cutting and 
sewing to make non-apparel textile products, such as sheets and towels)” (U.S. Census Bureau, 
2011c, para.1).  
Total factor productivity — same as knowledge; level of technical know–how that 
shapes the way an industry operates and results in a long–term production growth (Jones, 
1998; Solow, 1957). 
Welfare (or standard of living) — an indicator of a human happiness defined 
primarily by income, employment, and equal distribution of wealth, as well as subjective 
factors, such as good governance and social capital (Frey & Stutzer, 2002). 
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CHAPTER 2. LITERATURE REVIEW 
Chapter 2 presented a review of the competitiveness literature with the goal to develop 
a comprehensive definition of the competitiveness construct. An extensive review of existing 
definitions of competitiveness was performed. The definitions were analyzed using the content 
analysis method (Elo & Kyngas, 2007; Spiggle, 1994). Based on the analysis, a comprehensive 
definition of competitiveness was proposed. Next, competitiveness of textile and apparel 
industries in the context of developed countries was further explained based on new growth 
theory (Krugman, 1991Krugman, 1991; Romer, 1986). Knowledge was introduced as a major 
factor of productivity growth and a framework to measure knowledge and knowledge growth, 
based on neoclassical growth theory, was developed (Solow, 1957). Research hypotheses that 
explain the relationships between competitiveness and trade and competitiveness and 
productivity were proposed based on comparative advantage theory and competitive advantage 
theory (Krugman & Obstfeld, 1999; Porter, 1990). A pictorial diagram to illustrate the 
relationship between competitiveness and trade, and competitiveness and productivity was 
provided. In the current study, by integrating three well–known theories, a theoretical 
framework was developed: (a) competitive advantage theory (Porter, 1990); (b) comparative 
advantage theory; and (c) new growth theory (Krugman, 1991Krugman, 1991; Romer, 1986).  
2.1. Theoretical Framework: Competitive Advantage Theory 
2.1.1. What is competitiveness?  
In the late 1970s, intellectual leaders, including scholars and politicians, began to 
emphasize the concept of competitiveness in the race to achieve a country’s economic success 
in the globalized world (Krugman, 1996). However, it was not until the 1980, when Michael E. 
Porter (1980) published his influential book, Competitive Advantage of Nations, that spread the 
term globally and ubiquitously (Flanagan et al., 2007). Economic unions, international 
organizations, and research centers—such as the European Union (EU), Organization for 
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Economic Co–operation and Development (OECD), World Economic Forum, and 
International Institute for Management Development—began publishing national 
competitiveness reports comparing countries’ economic performance, which further increased 
interest in competitiveness (Chikan, 2008; Gardiner, Martin, & Tyler, 2004; ). A good example 
of this growing interest was a joint agreement announced by the EU countries in 2000, when 
they declared a goal to become the most competitive world’s economy by 2010, “capable of 
sustainable growth, with more and better jobs and greater social cohesion” (Kohler, 2006, p. 3). 
Although this agreement was criticized because of unclear objectives, it achieved a political 
landmark, and the term national competitiveness became even more popular around the world 
(BEST, 1990, 1998; Gardiner et al., 2004). As Krugman (1996) notes, countries had no doubts 
that to achieve prosperity, “competitiveness is the key; the only question was how to achieve it” 
(p. 17).  
What is competitiveness? What are firm competitiveness, industrial competitiveness, 
and national competitiveness? Competitiveness, in general, is an ability related to prosperity, 
or “sustained superior performance” (Powell, 2001, p. 875) of any subject. It is possible to use 
competitiveness as a general (e.g., national) or more specific (e.g., firm) term, based on the 
scope of a study (Porter, 1990). Various levels and scopes of competitiveness are highly 
interrelated. In reality, firms, industries, and nations affect each other’s competitiveness 
(McGahan & Porter, 1997). More specifically, firm competitiveness affects industrial 
competitiveness and vice versa, while industrial competitiveness affects national 
competitiveness and vice versa.  
2.1.2. Competitiveness and its context. 
The versatility of the term competitiveness has generated some ambiguity. The 
importance of the phenomenon results in a great body of research, but most of the empirical 
inquiries have been based on an inadequately constructed definition of competitiveness; thus, 
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failing to fully capture the phenomenon (Arend, 2003; Powell, 2001). At a national level, the 
term competitiveness has been viewed as broadly as “an ability to create welfare” (Aiginger, 
2006, p. 162); as simple as national productivity (Porter, 1990); as sarcastic as “a poetic way of 
saying productivity” (Krugman, 1996, p. 18); or as specific as “the ability of a country to 
realize central economic policy goals, especially growth in income and employment without 
running into balance–of–payments difficulties” (Fagerberg, 1988, p. 355). For decades, 
scholars have been striving to develop and agree on one definition of national 
competitiveness. However, no consensual meaning of the construct has emerged to date 
(Aiginger, 1995; Krugman, 1994a; Powell, 2001; Siggle, 2001). Moreover, there has been 
little effort to develop a comprehensive definition of national competitiveness predicated on 
theoretical underpinning (Flanagan et al., 2007; Krugman, 1994a; Siggle, 2001). Therefore, in 
this section: (a) the social science theory building process (Silver, 1983) was used to analyze 
existing definitions of the national competitiveness construct; (b) theoretical concepts were 
extracted from the existing national competitiveness definitions using the content analysis 
method of Elo and Kyngas (2007), and Spiggle (1994); (c) based on the analysis, a 
comprehensive and inclusive definition of national competitiveness was proposed; and 
subsequently (d) a definition of industrial competitiveness was constructed, based on the 
national competitiveness definition. This process allowed conceptualization of the meaning of 
the competitiveness construct, based on extant theoretical and empirical research, thereby 
advancing the process of competitiveness theory building (Aiginger, 1995; Arend, 2003; 
Krugman, 1994a; Siggle, 2001).  
2.1.2.1. Competitiveness in textile and apparel industries in the United States and 
Japan. 
Different economic indicators can be used to assess industrial competitiveness in the 
U.S. and Japanese textile and apparel industries, leading to discrepancies in industrial 
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competitiveness assessment of the U.S. and Japanese textile and apparel industries. For 
example,
1
 competitiveness measured by import share in domestic market shows decreased 
competitiveness of the U.S. and Japanese textile and apparel industries because the import 
shares for each industry between 1960 and 2006 increased substantially:  
- from 3.96 to 28.34% for the U.S. textile industry;  
- from 0.47 to 34.33% for the Japanese textile industry; 
- from 1.80 to 76.53% for the U.S. apparel industry;  
- and from 0.00 to 58.72% for the Japanese apparel industry (Becker and Gray, 
2009; Ministry of Economy, Research, and Statistics Department, 2005; Ministry 
of Economy, Research and Statistics Department, 2005–2010; U.S. Census 
Bureau, 1961–1972; U.S. Bureau of the Census, 1967–2007; U.S. Census Bureau, 
n.d.; Japanese kanzei kyokai, n.d.; OECD, 2011; OECD, n.d.).  
However, competitiveness measured by annual value–added per worker showed a significant 
increase for the U.S. and Japanese textile and apparel industries. Between 1960 and 2006, 
annual value–added per worker for the U.S. and Japanese textile and apparel industries 
increased:  
- from $6,322 to $100,974 for the U.S. textile industry;  
- from $1,084 to $61,110 for the Japanese textile industry;  
- from $5,255 to $79,866 for the U.S. apparel industry; and  
- from $746 to $35,973 for the Japanese apparel industry.  
The reasons behind the discrepancies in the competitiveness trends in the U.S. and 
Japanese textile and apparel industries are most likely technical and depend on the vagueness 
of the competitiveness construct (Becker & Gray, 2009; Cline, 1992). None of the above 
 
1
 The author calculated the import shares of textile and apparel industries in the United States and Japan, and 
annual value added per worker based on Becker and Gray (2009), Ministry of Economy, Research, and Statistics 
Department (2005), Ministry of Economy, Research and Statistics Department (2005–2010), U.S. Census 
Bureau (1961–1972), U.S. Bureau of the Census (1967–2007), U.S. Census Bureau (n.d.), Japanese kanzei 
kyokai (n.d.), OECD (2011), and OECD (n.d.).  
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mentioned competitiveness’ indicators were shown to fully capture the meaning of the 
construct. In other words, there is no agreement in the literature what the competitiveness 
construct represents and how it should be operationalized (Becker & Gray, 2009; Cline, 
1992).  
To understand the state of industrial competitiveness in the U.S. and Japanese textile 
and apparel industries, first, a comprehensive and inclusive definition of competitiveness is 
needed to fully capture this important economic construct. In turn, this would allow the next 
step—an examination of how the competitiveness of the two industries in the United States and 
Japan has been affected by different strategies (focus on trade vs. productivity), which the two 
countries chose to support the domestic industries from the middle of the 20
th
 century through 
the first decade of the 21
st
 century.  
2.1.3. National and industrial competitiveness based on competitive advantage 
theory. 
2.1.3.1. Theoretical analysis of national competitiveness. 
Theory building involves constructing steps of abstraction from sensations, concepts, 
constructs, and theoretical propositions (Silver, 1983). It is important to identify the current 
stage of the competitiveness theory building process because it will provide direction for 
further theory development (Silver, 1983). The term national competitiveness is used 
frequently to denote current economic phenomena and national prospects in relationship to the 
globalized economy (Krugman, 1991Krugman, 1991). However, there is no consensus about 
what the term means (Aiginger, 1995; Krugman, 1994a; Siggle, 2001), indicating the theory 
building process of national competitiveness remains between concept identification and 
construct building (Silver, 1983). Scholars recognize a set of concepts related to the 
competitiveness in the global economic environment, but fail to agree on how to define and 
combine them into a comprehensive definition of the construct (Aiginger, 1995; Krugman, 
  
16 
1994a; Siggle, 2001). Therefore, identifying concepts used to define national competitiveness 
was a required first step for understanding theoretical pillars of the construct.  
2.1.3.2. Context of competitiveness discussions. 
Before discussing concepts used in the literature in relationship to the national 
competitiveness construct, it is important to understand the background of national 
competitiveness discussions. Understanding a background of theoretical discussions can 
clarify the purpose of a theory building process to “increase scientific understanding through a 
systematized structure capable of both explaining and predicting phenomena” (Rudner, 1966, p. 
10).  
What phenomenon does national competitiveness attempt to explain? In the 
contemporary, highly globalized world, industrial success in most countries cannot be 
explained by a simple comparative advantage focusing on the combination of relative 
productivity and labor cost to foreign competitors (Krugman & Obstfeld, 1999; Porter, 1998). 
Rather, the competitive advantage of industries, especially in developed countries, is largely 
based on technical know–how, called knowledge, which is not easily transferable and results 
in the production of high value–added products (Porter, 1998; Rantisi, 2002; Scherer, 1992). 
This is because countries can easily outsource parts of the labor–intensive production process 
to countries with lower labor cost—thanks to liberalized international trade (Porter, 1998; 
Rantisi, 2002; Scherer, 1992). 
The case of Sony in the 1980’s is a typical example of how industrial competitiveness 
in developed countries works in the new global environment. The production of Sony’s 
Walkman was viewed as a symbol of Japanese manufacturing ability during the rapid 
economic development of the 1970s (Du Gay, Hall, Janes, Mackay, & Negus, 1997). In the 
1980s, Sony moved its manufacturing process to Malaysia and Viet Nam to counteract fast 
raising domestic labor costs (Du Gay et al., 1997). Instead of focusing on the Walkman’s 
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domestic production, they focused on creating new value–added products by utilizing the 
company’s knowledge through domestically–based research and development activities 
(“Sony struggles,” 2004). The following introduction of videogame consoles and software, 
such as Play Station, was a good example of high value–added products creation based on 
utilizing the domestic knowledge resource by Sony (“Sony struggles,” 2004). Even though 
Sony still must consider where and how to manufacture products, the main focus of the 
company’s strategy now is determining how to effectively use the company’s knowledge to 
create and introduce new, high value–added products. As this example shows, in the new 
global environment, a national industry success, or competitiveness, cannot be based on 
traditional production input factors, such as labor and capital, alone. The knowledge factor 
plays a critical role and must be considered when discussing competitiveness of national 
industries, especially, in developed economies.  
2.1.4. Development of national competitiveness definition. 
The process of developing a national competitiveness definition utilized the content 
analysis method by Elo and Kyngas (2007) and Spiggle (1994) to: (a) systematically analyze 
definitions of national competitiveness in extant research; (b) identify key concepts that 
should be incorporated into the definition of the national competitiveness construct; (c) 
extract interrelations between concepts; and (d) formulate a comprehensive definition of the 
construct. According to Spiggle (1994), scholars can categorize the components of written 
messages and “break(s) down or divide(s) some complex whole into its constituent parts” (p. 
492), to identify “patterns in the data” (p. 493). Inductive content analysis can identify 
existing concepts in a text and serve as a guideline to systematically understand relevant 
literature (Elo & Kyngas, 2007).  
In this study, the Porter’s national competitiveness definition was chosen as a 
guideline for inductive content analysis because it has been greatly influencing national 
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competitiveness discussions and research, and most of the current competitiveness literature 
is based on his definition. Porter’s national competitiveness definition was used to derive 
concepts of the competitiveness construct. Next, following the inductive process (Elo & 
Kyngas, 2007; Spiggle, 1994), the derived concepts were grouped into higher–order concepts 
(called factors in this study) to create a focused, but comprehensive categorization matrix. 
Finally, the author deductively identified and refined each factor in the categorization matrix 
by drawing on other existing national competitiveness definitions (Elo & Kyngas, 2007; 
Spiggle, 1994). Finally, results of the content analysis were reported as a comprehensive 
definition of the national competitiveness construct. The definition of industrial 
competitiveness was derived from the definition of national competitiveness (Elo & Kyngas, 
2007). 
2.1.4.1. Porter’s national competitiveness definition. 
The guiding definition of national competitiveness for the inductive analysis was an 
excerpt from Porter’s book, Competitive Advantage of Countries (1980): 
The only meaningful concept of competitiveness at the national level is productivity. 
The Principle Goal of a nation is to produce a high standard of living for its citizens…. 
Productivity is the prime determinant of a nation’s long–run standard of living, it is the 
root cause of national per capita income…. A nation’s standard of living depends on the 
capacity of its companies to achieve high levels of productivity and to increase 
productivity over time…. They must develop necessary capabilities to compete in more 
sophisticated industry segments, where productivity is generally high. (p. 76) 
The following concepts were extracted from the Porter’s definition: productivity, 
principle goal of nation, standard of living, national per capita income, competition, and 
sophisticated industry segments. Table 1 summarized the results of the inductive analysis of 
the Porter’s definition by presenting excerpts from the definition, showing extracted concepts, 
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and then organizing the concepts into the three higher–order factors: principle goal, method, 
and background. These factors served as the basis for analyzing existing competitiveness 
definitions to deductively extract relevant concepts from the literature.  
 
Table 1. Content Analysis of the Porter’s National Competitiveness Definition  
 
Excerpt from Porter’s definition Concept Factor 
“The only meaningful concept of 
competitiveness at the national 
level is productivity.” 
Productivity Method of achieving 
national competitiveness  
method 
“The Principle Goal of a nation is 
to produce a high and growing 
standard of living for its citizens.” 
Principle goal of a 
nation 
Goal of national 
competitiveness  
principle goal  high and 
growing standard of living 
High and growing 
standard of living 
“Productivity is the prime 
determinant of a nation’s long–
run standard of living, it is the root 
cause of national per capita 
income…” 
Productivity Prime determinant  
method 
Long–run standard of 
living 
Goal of national 
competitiveness  principle 
goal  standard of living  
per capita income 
National per capita 
income 
“A nation’s standard of living 
depends on the capacity of its 
companies to achieve high levels 
of productivity and to increasing 
productivity over time…” 
Standard of living Goal of national 
competitiveness  principle 
goal  
High and increasing 
productivity of 
domestic companies 
Method of achieving 
national competitiveness  
method 
“They must develop necessary 
capabilities to compete in more 
and more sophisticated industry 
segments, where productivity is 
generally high.” 
Competition  Competitive nature  
background 
Sophisticated industry  
background 
 
Sophisticated industry 
segments 
 
The principle goal factor of national competitiveness was defined as a high and 
growing standard of living. Porter (1980) argued the principle goal of national 
competitiveness could be achieved through domestic industries’ productivity growth (the 
method factor). He identified the context for national competitiveness as competition among 
highly productive, sophisticated industry segments (the background factor).  
A categorization matrix, Table 2, was created, based on the content analysis of the 
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Porter’s national competitiveness definition results and the derived three factors of the 
competitiveness construct from Table 1. The categorization matrix systematically analyzed 
national competitiveness literature and conceptualized each of the three factors, building a 
comprehensive definition of the national competitiveness construct (Elo & Kyngas, 2007). 
First, various definitions of national competitiveness used in scholarly articles were 
found and nine definitions were selected. The remainder of the competitiveness definitions 
discovered were repetitions of the nine selected ones. Individual concepts were extracted 
from the nine competitiveness definitions. Second, the concepts were categorized according 
to the three factors identified using the Porter’s definition of competitiveness (Table 2).  
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Table 2. Definitions of the National Competitiveness Constructs: Categorization Matrix  
Author 
and 
Source 
Definition of National Competitiveness Concept Factor 
Principle 
Goal 
Method Background Other 
Aiginger 
(2006, p. 
162) 
[Competitiveness is] “the ability of a 
country or location to create welfare” 
measured by a welfare function of 
income per capita, set of social and 
distributional indicators, and a set of 
ecological indicators. Competitiveness 
can be achieved by generation process, 
which incorporates physical capital, 
labor, technical process, capabilities, 
and trust.” 
Welfare creation + – – – 
Income per capita + – – – 
Social and 
distributional 
indicators 
+ – – – 
Ecological 
indicators 
+ – – – 
Generation 
process, including 
capital, labor, 
technology, 
capabilities and 
trust  
– + – – 
Chikan 
(2008, 
p.25) 
“National competitiveness is a 
capability of a national economy to 
operate ensuring an increasing welfare 
of its citizens at its factor productivity 
sustainably growing. This capability is 
realized through maintaining an 
environment for its companies and 
other institutions to create, utilize and 
sell goods and services meeting the 
requirements of global competition and 
changing social norms.” 
Increasing welfare + – – – 
Growing 
productivity 
– +  – 
Global competition – – + – 
Changing social 
norms 
– – + – 
Environment to 
create, utilize and 
sell goods  – – + – 
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Table 2 continued 
Author and 
Source 
Definition of National 
Competitiveness 
Concept Factor 
Principle 
Goal 
Method Background Other 
European 
Commission 
(1999, p. 4)  
“Competitiveness is defined as the 
ability to produce goods and services 
which meet the test of international 
markets, while at the same time 
maintaining high and sustainable 
levels of income or, more generally, 
the ability of (regions) to generate, 
while being exposed to external 
competition, relatively high income 
and employment level.” 
Production of 
goods and services 
for international 
markets 
– + – – 
High and 
sustainable level 
of income 
+ – – – 
High employment 
level 
+ – – – 
External 
competition 
– – + – 
Fagerberg 
(1988, p. 
355) 
[National competitiveness is defined 
as] “the ability of a country to realize 
central economic policy goals, 
especially growth in income and 
employment, without running into 
balance–of–payments difficulties” 
 
Income growth + – – – 
Employment 
growth 
+ – – – 
Balance of 
payments 
– + – – 
Hatsopoulos, 
Krugman 
and 
Summers et 
al. (1988, 
p.299) 
“The proper test of 
competitiveness…is not simply the 
ability of a country to balance its trade, 
but its ability to do so while achieving 
an acceptable rate of improvement in 
its standard of living.” 
Balance in trade – + – – 
Growing standard 
of living 
+ – – – 
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Table 2 continued 
Author and 
Source 
Definition of National Competitiveness Concept Factor 
Principle 
Goal 
Method Background Other 
Kohler 
(2006, pp. 4–
5)  
 
“A country’s ability to generate 
sustained economic well–being for its 
citizens, with a minimum degree of 
inequity regarding personal or regional 
distribution of income and wealth… A 
country’s welfare is determined by its 
absolute level of productivity.” 
Country’s welfare + – – – 
Sustainable 
economic well–
being 
+ – – – 
Personal and 
regional equity in 
income and wealth 
distribution 
+ – – – 
Absolute level of 
productivity 
– + – – 
Kohler 
(2006, pp. 4–
5)  
 
“A country’s ability to generate 
sustained economic well–being for its 
citizens, with a minimum degree of 
inequity regarding personal or regional 
distribution of income and wealth… A 
country’s welfare is determined by its 
absolute level of productivity.” 
Country’s welfare + – – – 
Sustainable 
economic well–
being 
+ – – – 
Personal and 
regional equity in 
income and wealth 
distribution 
+ – – – 
Absolute level of 
productivity 
– + – – 
Krugman 
(1996, p. 18) 
“Competitiveness is a poetic way of 
saying productivity.”  
Productivity 
– + – – 
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Table 2 continued 
Author and 
Source 
Definition of National Competitiveness Concept Factor 
Principle 
Goal 
Method Background Other 
Oughton & 
Whittam 
(1996, p.59) 
“Long–run growth in productivity and 
hence rising living standards consistent 
with increasing employment or the 
maintenance of near full employment.” 
Long–run 
productivity 
growth 
– + – – 
Increasing living 
standards 
+ – – – 
Increasing 
employment  
+ – – – 
Maintaining near 
full employment 
+ – – – 
Von 
Tunzelmann 
(1995, p.2) 
“Historians have tended to equate 
competitiveness…with political, 
technical, commercial leadership”  
Political leadership – – – + 
Technical 
leadership 
– – – + 
Commercial 
leadership 
– – – + 
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As the categorization matrix indicated (Table 2), most definitions did not incorporate all 
three factors identified from the Porter’s national competitiveness definition, with the exception 
of the definitions provided by Chikan (2008) and the European Commission (1999). These two 
sources defined national competitiveness similar to Porter, integrating all three 
factors—principle goal, method, and background. The majority of the definitions included only 
one or two factors (Table 2). However, almost universally, these definitions included the same 
two factors—principle goal and method. For example, Aiginger (2006), Fagerberg (1988), 
Hatsopoulos et al. (1988), Kohler (2006), and Oughton and Whittam (1996) included the 
principle goal and method factors. Krugman (1996) and Von Tunzelmann (1995), each 
mentioned only one factor—method and leadership (categorized as “other” in the matrix), 
respectively. Therefore, there was a high consistency among scholars to identify national 
competitiveness using principle goal and method factors. The background factor was a part of 
the competitiveness definition less frequently used. However, it is important to note that 
accounting for characteristics of the new global environment is critical when assessing national 
competitiveness, as presented in section 2.1.3.2. 
Conceptualization of the three factors varied, based on each author’s points of view of the 
competitiveness construct. The greatest variety was in conceptualizing the principle goal factor, 
defined as:  
 welfare (Aiginger, 2006; Chikan, 2008; Hatsopoulos et al., 1988; Kohler, 2006; 
Oughton & Whittam, 1996),  
 income per capita (Aiginger, 2006; European Commission, 1999; Fagerberg, 
1988; Kohler, 2006),  
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 employment (European Commission, 1999; Fagerberg, 1988; Oughton & 
Whittam, 1996), 
 social and distributional indicators (Aiginger, 2006; Kohler, 2006), and 
 ecological indicators (Aiginger, 2006).  
Method factor was defined either as productivity (Aiginger, 2006; Chikan, 2008; Kohler, 2006; 
Krugman, 1996; Oughton & Whittam, 1996), or as trade balance (European Commission, 1999; 
Fagerberg, 1988; Hatsopoulos et al., 1988). The background factor was described as global 
competition (Chikan, 2008; European Commission, 1999; Fagerberg, 1988; Hatsopoulos et al., 
1988) and changing social norms (Chikan, 2008). 
In the following sections, each of the three factors was examined to better understand the 
theoretical underpinnings of the competitiveness construct (Spiggle, 1994). Following this, the 
analysis leads to a comprehensive definition for the competitiveness construct. Industrial 
competitiveness was defined accordingly.  
2.1.4.2. The principle goal for national competitiveness. 
When defining national competitiveness, most scholars considered the principle goal 
factor as an important component (e. g., Aiginger, 2006; Chikan, 2008; European Commission, 
1999; Fagerberg, 1988; Hatsopoulos et al., 1988; Kohler, 2006; Oughton & Whittam, 1996). 
However, the meaning of the principle goal factor varied. This section reclassified the concepts 
related to the principle goal factor in various definitions of national competitiveness to determine 
the origins of the discrepancy (Spiggle, 1994).  
As a result of this analysis, it was determined researchers used two different levels of 
abstraction for the principle goal factor: specific and general. The principle goal factor’s level of 
abstraction was categorized as specific when the concept was represented by a precise, explicit, 
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and unambiguous indicator that has only one meaning and can be measured relatively easy. 
Concepts were categorized as general, when they represented broad issues that might have a 
wide–range of meanings to different scholars and were relatively difficult to measure, due to 
ambiguity in operationalization (Table 3). 
Concepts categorized as general included (Table 3): standard of living, welfare, economic 
well–being, social and distributional indicators, and ecological indicators (Aiginger, 2006; 
Chikan, 2008; Fagerberg, 1988; Hatsopoulos et al., 1988; Kohler, 2006; Oughton & Whittam, 
1996). The group of specific concepts included income and its growth (Aiginger, 2001l European 
Commission, 1999; Fagerberg, 1988), employment and its growth (European Commission, 1999; 
Fagerberg, 1988; Oughton & Whittam, 1996), and distribution of wealth (Aiginger, 2006; Kohler, 
2006). One common element in conceptualizing the principle goal factor was that almost every 
definition had two levels of abstraction, both specific and general, except for Hatsopoulos et al. 
(1988). The definitions included multi–level concepts in the principle goal factor, formatting 
themselves into one of several specific concepts to explain more general concepts in the same 
definition. For example, Aiginger’s (2006) definition provided two general concepts–welfare and 
social, distributional, and ecological indicators, using specific concepts, such as income per capita 
(Aiginger, 2006). However, none of the definitions utilized the same set of general and specific 
concepts to explain the national competitiveness construct’s principle goal factor.  
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Table 3. Interpretation of the Principle Goal Factor 
 
Author Sub–concept Level of 
abstraction 
Specific General 
Aiginger (2006, p. 162) 
 
Welfare creation – + 
Income per capita  + – 
Social and distributional indicators – + 
Ecological indicators – + 
Chikan (2008) Welfare – + 
European Commission 
(1999, p. 4)  
Level of income + – 
Employment level + – 
Fagerberg (1988, p. 355) Central economic policy goal – + 
Income growth + – 
Employment growth + – 
Hatsopoulos et al. (1988) Standard of living – + 
Kohler (2006, pp. 4–5)  
 
Economic well–being – + 
Personal and regional equity in income and 
wealth distribution 
+ – 
Oughton & Whittam (1996) Living standard – + 
Employment level + – 
Near full employment + – 
 
The relationship between concepts in the principle goal factor of national competitiveness 
was previously addressed in the theoretical discussions about standard of living, or welfare, by 
various scholars. Frey and Stutzer (2002) argued that standard of living is a study of happiness, 
also called utility in economics. Scholars generally believe that level of income is a primary 
factor determining the national standard of living, but equity in income distribution and 
employment level also plays an important role (Aiginger, 2002; Frey & Stutzer, 2002). For 
example, people with higher incomes are happier than poorer people because they can “buy more 
material goods and services” and have “a higher social status” (Frey & Stutzer, 2002, p. 409). It 
is also believed an individual’s standard of living is relative; “individuals compare themselves to 
other individuals” (Frey & Stutzer, 2002, p. 411). This lingers to the importance of equity in 
income distribution—people in a nation with great gaps in income distribution feel they are 
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relatively poorer than others, which lowers their perceived standard of living (Aiginger, 2006; 
Frey & Stutzer, 2002; Kohler, 2006). Frey and Stutzer (2002) also note that employment plays a 
role in the level of utility because unemployment produces not only income loss, but also psychic 
cost, such as “depression and anxiety,” and loss of self–esteem and personal control (p. 421). 
Therefore, based on the theoretical discussions by Aiginger (2006), Frey and Stutzer 
(2002), and Kohler (2006), the present study identified the principle goal of national 
competitiveness as a multi–level factor that includes both general, national standard of living, 
and specific concepts. Specific concepts included income per capita, equity in income 
distribution and employment level. In sum, the principle goal of national competitiveness was to 
achieve a high standard of living through high income per capita, income distribution equity, and 
high employment levels.  
2.1.4.3. Method for achieving national competitiveness. 
The most controversial issue in the national competitiveness discourse is how to achieve 
the principle goal of national competitiveness or high standard of living (Krugman, 1994a). This 
section analyzed two prevalent perspectives identified in the preceding analysis of the national 
competitiveness definition (Table 2). The two methods for achieving the principle factor of 
national competitiveness were: (a) selling products to world markets, called trade (European 
Commission, 1999; Fagerberg, 1988; Hatsopoulos et al., 1988), and (b) effective use of input 
factors in the production process, called productivity (Aiginger, 2006; Chikan, 2008; European 
Commission, 1999; Kohler, 2006; Krugman, 1996; Oughton & Whittam, 1996; Porter, 1990). 
Table 4 compared these two approaches to conceptualize the method for achieving the principle 
goal of national competitiveness, as presented in the existing definitions of national 
competitiveness.  
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Table 4. Method for Achieving National Competitiveness 
 
Author Concept 
Method 
Trade Productivity 
Aiginger (2006)  Generation process including 
capital, labor, technology, 
capabilities, and trust 
– + 
Chikan (2008) Factor productivity – + 
European Commission 
(1999)  
Production of goods and 
services for international 
markets 
+ + 
Fagerberg (1988) Balance of payments in trade + – 
Hatsopoulos et al. (1988) Balance of payments in trade + – 
Kohler (2006)  Productivity – + 
Krugman (1996) Productivity – + 
Oughton and Whittam 
(1996) 
Productivity growth – + 
 
When interpreting the method factor of national competitiveness, some scholars suggest 
the trade perspective (European Commission, 1999; Fagerberg, 1988; Hatsopoulos et al., 1988). 
The European Commission’s (1988) definition is a good example explaining this method: 
Competitiveness is defined as the ability to produce goods and services which meet the test 
of international markets, and at the same time maintain high and sustainable levels of 
income or, more generally, the ability of (regions) to generate, while being exposed to 
external competition, relatively high income and employment levels. (p. 4) 
Scholars who support the trade perspective argue that countries with a trade surplus have greater 
national competitiveness than countries with a trade deficit (Clark & Guy, 1998), because the 
trade perspective assumes if a country has a trade surplus and earns more than it spends in trade, 
its production process is superior to its foreign counterparts. In this case, the country will also 
earn more for its workers. Thus, superiority in trade will translate into a growing standard of 
31 
 
 
3
1 
living for its citizens (Krugman, 1996). Hence, the trade perspective assumes if a country has a 
trade surplus, it will achieve the principle goal—providing a high standard of living for its 
citizens, which indicates a high level of national competitiveness (European Commission, 1999; 
Fagerberg, 1988).  
To understand the rationale behind the trade perspective, the relationship between trade 
and national competitiveness is further analyzed, based on comparative advantage theory, one of 
the most influential theories explaining the mechanism of trade among countries (Leamer, 1985). 
According to comparative advantage theory, trade depends on final price of products determined 
by countries’ relative labor productivity (Krugman, 1994a; Krugman & Obstfeld, 1999; Verma, 
2002). Labor productivity is positively related to the price of final products because high 
productivity is a result of more sophisticated machinery or capital investment, such as R&D 
(Krugman & Obstfeld, 1999). According to Krugman and Obstfeld, countries have a trade surplus 
in two product categories: (a) products based on high labor productivity and (b) products 
manufactured with low labor productivity, but lower labor and other production costs relative to 
other countries in the world market. In other words, if a country has a trade surplus, its industries 
are either highly labor–productive, highly cost competitive, or both, in comparison with industries 
in other countries.  
A problem with this logic is trade surplus can be either beneficial or harmful to national 
competitiveness because it can result both in an increase and a decrease in a nation’s standard of 
living, which defines the principle goal of national competitiveness (Krugman, 1996). For 
example, if a country has a comparative advantage in labor costs and views increasing trade 
surplus as a way to improve its national competitiveness, it might become interested in 
maintaining or further lowering its labor costs to decrease product prices and increase the amount 
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of exports (Davies & Ellis, 2000). This strategy might increase the country’s trade surplus, but will 
deteriorate its citizen’s income and standard of living, which, obviously, contradicts the principle 
goal of national competitiveness (Davies & Ellis, 2000). Furthermore, lowering labor costs and 
sacrificing standard of living to increase trade surplus can be a “dangerous obsession” (Krugman, 
1994a, p. 28). Governments with trade balance priority can create a vicious circle of price 
competition, and eventually destroy both economic and diplomatic relations with other countries 
(Krugman, 1994a). Therefore, the trade perspective, based on lowering labor and production costs, 
cannot explain the construct of national competitiveness in terms of how to achieve its principle 
goal. However, trade perspective, based on achieving a trade surplus as a result of higher 
productivity, basically leads to the productivity perspective, which is discussed next.  
Productivity growth was the second perspective (Table 4) related to the method of 
achieving high national competitiveness (Chikan, 2008; Kohler, 2006; Krugman, 1996; Oughton 
& Whittam, 1996; Porter, 1990). What is productivity growth and how does it relate to the 
principle goal of national competitiveness? A basic definition of productivity is the ratio of 
outputs to inputs, which include labor and capital (Coelli et al., 2005). Productivity growth is the 
ratio increase between outputs and inputs (Coelli et al., 2005). If an industry has high productivity, 
the industry’s production process has highly efficient output production, because in comparison 
with competitors, the industry can produce more output with the same input (Coelli et al., 2005). 
Workers in highly productive industries earn higher wages, leading to a higher standard of living 
and quality of life—they will have more income to purchase goods and services, and enjoy more 
leisure time (Porter, 1990). A country with highly productive industries will have high–income 
levels that support high quality public services, which, in turn, substantially increases the standard 
of living of its citizens (Porter, 1990). Therefore, the growth of domestic industries’ productivity 
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can help achieve the principle goal of national competitiveness. Productivity growth results in 
growing wages for workers, a higher standard of living, and a higher quality of public services 
(Coelli et al., 2005).  
Scholars have compared trade and productivity perspectives in terms of achieving the 
principle goal of national competitiveness. For example, Ezeala–Harrison (1995) conducted an 
interesting study that compared trade balance and productivity in relationship to the principle goal 
of national competitiveness measured by the gross national income per capita. This author 
investigated how trade balance and productivity were related to the principle goal of 
competitiveness of Canada, and concluded the level of productivity was highly related to the 
principle goal of national competitiveness; whereas, trade was not related. Research showed the 
gross national income per capita—the indicator of the principle goal of national 
competitiveness—increased, although Canada experienced a growing trade deficit and poor 
performance in its world export share from 1962 to 1988. In contrast, national productivity 
growth measured by total output per capita increased steadily during the same period (Ezeala–
Harrison, 1995). It was concluded productivity growth was closely related to the increase of 
national income per capita, but there was no relationship between trade balance and national 
income per capita (Ezeala–Harrison, 1995).  
Based on comparative advantage theory (Krugman, 1996) and extant research that 
investigated the relationship between trade and the principle factor of industrial competitiveness, 
the following hypotheses were proposed.  
H1: The principle goal of industrial competitiveness is not affected by trade balance.  
H1–a: The principle goal of industrial competitiveness is not affected by trade 
balance in the U.S. textile industry. 
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H1–b: The principle goal of industrial competitiveness is not affected by trade 
balance in the U.S. apparel industry. 
H1–c: The principle goal of industrial competitiveness is not affected by trade 
balance in the Japanese textile industry.  
H1–d: The principle goal of industrial competitiveness is not affected by trade 
balance in the Japanese apparel industry.  
 
Based on competitive advantage theory (Porter, 1990) and extant research (Chikan, 
2008; Kohler, 2006; Krugman, 1996; Oughton & Whittam, 1996), the following 
hypothesis about the relationship between productivity and the principle goal of industrial 
competitiveness were proposed.  
H2: Productivity is positively related to the principle goal of industrial competitiveness.  
H2–a: Productivity is positively related to the principle goal of industrial 
competitiveness in the U.S. textile industry. 
H2–b: Productivity is positively related to the principle goal of industrial 
competitiveness in the U.S. apparel industry. 
H2–c: Productivity is positively related to the principle goal of industrial 
competitiveness in the Japanese textile industry. 
H2–d: Productivity is positively related to the principle goal of industrial 
competitiveness in the U.S. apparel industry. 
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2.1.4.4. Background in national competitiveness.  
Few definitions of national competitiveness included a concept that described 
background or environment, in which national competitiveness occurs (Table 1). However, some 
definitions, such as those by Chikan (2008) and the European Commission (1999), included the 
background factor, as did Porter (1980) in his influential definition. Three major interpretations 
of the background factor with respect to national competitiveness were included in the existing 
definitions and Porter’s definition: (a) increasing global/external competition (Chikan, 2008; 
European Commission, 1999); (b) increasing competition among highly sophisticated industry 
segments (Porter, 1990); and (c) changing social norms (Chikan, 2008). The following section 
focused on explaining the first two interpretations—increasing global/external competition and 
increasing competition among highly sophisticated industry segments—which conform to the 
context of national competitiveness discussions emphasizing changes in the external competition 
environment through globalization as previously discussed in section 2.1.3.2 (Krugman & 
Obstfeld, 1999; Romer, 1986). The concept of changing social norms (Chikan, 2008) was not 
considered for the further analysis because little relevance to the scope of this study.  
The proliferation of international competition resulting from rapid globalization and its 
effect on domestic industries in many countries has driven the importance of national 
competitiveness (Pedersen, 2008). This is reflected in the definitions of national competitiveness 
offered by scholars (Chikan; 2008; Fagerberg, 1988; Hatsopoulos et al., 1988; Porter, 1980) and 
government institutions, such as the European Union (European Commission, 1999). Then, what 
is globalization? Brady, Beckfield, and Seeleib–Kaiser (2005) defined globalization as: “the 
intensification of international economic exchange and the label for the contemporary era of 
international economic integration” (p. 922). Countries began to open domestic markets and 
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lower trade barriers for goods, as well as services, with the help of decreasing transportation 
costs and increasingly sophisticated means of communication (Gilpin, 2001).  
Definitions of national competitiveness conceptualize the background factor as increasing 
global competition (Chikan, 2008; European Commission, 1999) and focus on “intensified 
economic exchange,” which further increases global competition through trade. However, these 
definitions seem to omit “economic integration” (p. 922) happening under globalization (Brady, 
Beckfield, & Seeleib–Kaiser, 2005). Porter (1990) complemented these definitions by introducing 
a trade specialization perspective to a new global competitive background. He argued that 
globalization is not all about trade competition, but rather a new type of competition resulting 
from a greater degree of countries’ economic integration than ever before (Brady, Beckfield, & 
Seeleib–Kaiser, 2005, p. 922). A result of economic integration is a global industry 
restructuring—many developed countries relocated production operations to countries with 
comparative advantages in labor costs (Davies & Ellis, 2000; Rantisi, 2002). Consequently, 
worldwide, countries specialize in what they do well. Industries in developed countries specialize 
in highly sophisticated, capital intensive production, while industries in developing countries 
specialize in labor intensive production (Davies & Ellis, 2000; Gilpin, 2001; Krugman, 1994b; 
Porter, 1998; Rantisi, 2002).  
2.1.4.5. Globalization and knowledge.  
As globalization progresses, knowledge becomes an important factor to determine 
productivity—the method factor to achieve the principle goal of national competitiveness 
(Romer, 1986). Knowledge is defined as “the way inputs to the production process are 
transformed into outputs,” emphasizing “how” inputs are transformed to outputs (Coelli et al., 
2005, p. 72). It is an inclusive term, representing a firm or an industry’s intangible asset to 
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generate “innovation, development and diffusion and intangibles like organizational structure, 
management skills, and culture” (Fuhrer & Little, 1996, p. 2; Jones, 1998) that increases the 
amount of production output with the same existing input factors (Romer, 1986). Lall (2003) 
conjectured that knowledge includes activities like “research, design, marketing and networking” 
(p. 3).  
As the major component of productivity—the method factor in national competitiveness, 
knowledge has been discussed by many researchers, especially, new growth theorists such as 
Krugman (1996) and Romer (1986). Scholars believe knowledge is “a virtuous spiral,” where 
“the conquest of one technology leads over time to proficiency in even more powerful evolutions 
during subsequent generations, accelerating technical progress, and hence, the ability to wrest 
more from nature” (Schorer, 1992, p. 7). They argue many successful industry sectors in various 
countries are rooted in concentrated industry segments called agglomerations, the center of 
knowledge creation and sharing. Such agglomerations consist of many interrelated firms 
reinforcing each other’s abilities to achieve high productivity by increasing production output 
through sharing and producing new knowledge about the production of  high value and high 
quality products (Krugman, 1996; Romer, 1986). Therefore, countries that fail to capture the 
effect of knowledge using an agglomeration tend to become mired in producing low–value, low 
quality products on low productivity, and fail to increase the standard of living for their workers 
(Arthur, 1989; Lall, 2003). 
The above discussion of national competitiveness definitions emphasized the importance 
of the background factor. Including the background factor in the national competitiveness 
definition made it possible to incorporate the changing competitive environment around the world, 
due to economic integration and globalization. In conclusion, it is important for the national 
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competitiveness definition to include the background factor. Conceptualization of the 
background factor explained how the competitive environment now is different and how 
countries must compete against each other in a more concentrated, intense way.  
2.1.4.6. National competitiveness: A comprehensive definition.  
A comprehensive definition of national competitiveness was developed, based on a content 
analysis of competitiveness literature and theories. National competitiveness construct included 
three core factors: (a) principle goal, (b) method, and (c) background. The principle goal factor 
for national competitiveness was conceptualized as an increasingly high standard of living, and 
was operationalized as income per capita growth, employment growth, and income distribution 
equity. The method of achieving a high standard of living was conceptualized as productivity 
growth. This provides a working mechanism of national competitiveness in the process of 
fulfilling the principle goal. Incorporating the method factor in the definition of national 
competitiveness helps decrease confusion resulting from previous research that used trade 
perspective as a method for achieving the principle goal of national competitiveness.  
The background factor was conceptualized as the new competitive environment, where 
domestic industries not only compete on traditional input factors but also on a new input factor, 
knowledge. In the new global environment, knowledge, or the way inputs are produced in 
outputs, becomes a very important factor to determine countries and industries’ principle goal of 
competitiveness (Davies & Ellis, 2000; Gilpin, 2001; Krugman, 1994b; Porter, 1998; Rantisi, 
2002). Therefore, this study proposed the following definition of national competitiveness: 
In the new global environment, where knowledge plays a critical role, national 
competitiveness is a country’s ability to achieve an increasingly high standard of living for 
its citizens through productivity growth. 
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Next, the definition of individual industries’ competitiveness was derived from the national 
competitiveness definition (Porter, 1990).  
In the new global environment, where knowledge plays a critical role, competitiveness is a 
country or industry’s ability to achieve an increasingly high standard of living for its 
workers through productivity growth. 
2.2. Industrial Competitiveness in the Context of Textile and Apparel Industries 
Recent studies have found a new factor, knowledge, plays an important role in achieving 
competitiveness growth by improving productivity through growing production output in textile 
and apparel industries, especially in developed countries (Rantisi, 2002). This is because 
developed countries have a comparative disadvantage in labor and the effect of capital 
investment in these countries’ manufacturing industries to increase productivity is saturated 
(Dickerson, 1995; JonesJones, 1998). This made many developed countries focus on knowledge 
creation and sharing to maintain and enhance their industrial competitiveness (JonesJones, 
1998).  
2.2.1. New growth theory and knowledge in textile and apparel industries. 
New growth theory proposed by Krugman (1991a) and Romer (1986) describes the role 
of an industrial agglomeration as a driving force for the growth of the principle goal in 
competitiveness. They argued that an agglomeration, a center of knowledge creation and sharing, 
can increase production output significantly, even with the same amount of traditional inputs, 
such as labor and capital and, subsequently, productivity measured by output divided by input 
can increase substantially (Krugman, 1991Krugman, 1991; Romer, 1986). Once an 
agglomeration is formed, the creation of new knowledge accelerates and the specialized 
knowledge base is locked into creating similar knowledge (Krugman, 1991Krugman, 1991; 
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Romer, 1986). Business in the agglomeration becomes more efficient in the production process, 
resulting in producing high quality and high value–added products, even with the same amount 
of traditional input factors (Krugman, 1991Krugman, 1991; Romer, 1986). 
2.2.1.1. Knowledge in textile and apparel industries. 
Textile and apparel industries in both developed and developing countries have been 
traditionally “concentrated in specialized industrial districts” called textile and apparel 
agglomeration (Scott, 2006, p. 1522). Rantisi (2002) argues that industrial competitiveness of the 
textile and apparel agglomeration is generally high because of specialized knowledge, where 
companies “easily observe and compare their local rivals’ performance and practices” (p. 446). 
Scholars believe knowledge in textile and apparel agglomerations is critical in increasing 
production output by producing high value–added products which, in turn, results in achieving 
the principle goal of competitiveness (Scott, 2006). The formation of textile and apparel 
agglomeration in developed countries is especially important because of the industries’ 
comparative disadvantage in labor cost when competing with developing countries (Dickerson, 
1999). The following section explained how knowledge growth in textile and apparel 
agglomerations in developed countries is related to productivity growth through increasing 
production output and as a result, the growth of the principle goal of competitiveness.  
2.2.1.1.1. Design and product development knowledge. 
 
Design and product development in textile and apparel agglomerations in developed 
countries create commercial value from aesthetic attributes, symbolically reflecting social and 
cultural environment of a specific location (Wenting, 2008). The creation of  high value–added 
textile and apparel products is based on design expertise and product development knowledge, 
incorporating “artistic creativity and technical excellence” into a final product (Wenting, 2008, p. 
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595). As a part of the product development process, firms need to know how to manage the 
complex aspects of business “from compliance with labor laws to financing to engineering 
techniques, such as the use of specification sheets and time study” (Chapple, 1999, p. 84). The 
production locale for high–end textile and apparel products translates into symbolic meanings 
and premiums for a product (Wending, 2008). Apparel origin in such an agglomeration can 
ultimately yield high value–added to a final product through “an aura of authenticity” and 
“premium prices in the world market” (Scott, 2006, p. 1529), such as Paris fashion or Italian 
shoes (Bertacchini & Borrione, 2009; Pike, 2009). For example, the design knowledge the Milan 
agglomeration endows is “the intangible and culture–laden qualities of such physical goods” 
(Bertacchini & Borrione, 2009, p. 13). An agglomeration in the Italian city of Milan, a world’s 
fashion capital, is a prime example of textile and apparel industries incorporating knowledge in 
design and product development processes into textiles and apparel.  
2.2.1.1.2. Supply chain management knowledge. 
 
Firms in a textile and apparel agglomeration also benefit from a network of suppliers, 
customers, and competitors, which result into knowledge of supply chain management (Chapple, 
1999; Deringer & Crean, 2006; Inogushi, 2011; Ross, 2004). Companies in textile and apparel 
agglomerations accumulate knowledge about business management, coordinating “the scattered 
abilities and resources” (Inogushi, 2011, p. 208). Companies know who to contact for different 
types of products, and what capabilities and resources firms in the agglomeration offer (Inogushi, 
2011). For example, successful Italian textile and apparel firms in the modern world must 
possess information about any underground economy “that must stay hidden from view” (Ross, 
2004, p. 211). Outsiders find it difficult to know where resources are scattered or whose services 
are better than others to supply best quality materials in the textile and apparel agglomeration, 
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since the size of firms in the agglomeration often is too small to market themselves to other firms 
(Inogushi, 2011).  
2.2.1.1.3. Marketing knowledge. 
 
Another important element of knowledge in textile and apparel agglomeration is 
marketing, which promotes the spreading of “market trends and new design innovation” through 
rapid media circulation (Rantisi, 2002, p. 442). Marketing plays a significant role in textile and 
apparel sales, especially for high–end products (Rantisi, 2002). The sales of high–end textile and 
apparel products depend highly on their symbolic meaning—a “strong semiotic” content—that 
products convey (Bertacchini & Borrione, 2009, p. 2). This symbolic meaning is produced by 
marketing, using runway shows and media coverage—Internet, social media, fashion magazines, 
television, and newspaper fashion segments—that attach strong semiotic meaning to apparel 
products and generate sales (Rantisi, 2002).  
As a part of marketing knowledge, branding also plays an important role towards 
increasing competitiveness of textile and apparel agglomerations in developed countries (Evans, 
1989). Textile and apparel firms in some developed countries have accumulated extensive 
knowledge and skills in marketing and promotion that contribute to creating and maintaining a 
strong and consistent image of a brand, which, in turn, results in loyal customers around the 
world (Roth & Romen, 1992; Tungate, 2008). For example, customers will consume the image 
of luxury and prestige of Christian Dior from France and Georgio Armani from Italy, and 
functionality, performance, and technology of Nike from the United States as conveyed by 
marketing (Evans, 1989; Tungate, 2008).  
2.2.1.1.4. Craftsmanship. 
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Textile and apparel industries in many developed countries are known for craftsmanship 
and artisanal traditions of small–and medium–size firms (Ross, 2004). Some are famous for 
“industrial techniques for the production of physical objects” (Baily, 1993; Bertacchini & 
Borrione, 2009, p. 4). The high–end of the apparel industry, especially, the women’s wear sector, 
is a craft industry. The industry is famous for frequent style changes and the need for highly 
skilled craft workers to perform complex and intricate work, such as tailoring, draping, 
embellishments for one–of–a–kind designs and customized production (Bailey, 1993; Martin, 
1995; Pike, 2009). The size of apparel firms in the high–end–– niche market is much smaller; 
each worker has a wide range of skills and sometimes a single worker makes an entire garment 
through extensive apprenticeship (Doeringer & Crean, 2005; Martin, 1995; Pike, 2009). For 
example, Ross (2004) mentioned Italian textile and apparel industries are craft industries; they 
are highly influenced by the traditions “of making things by hand in artisanal workshops as old 
as the Renaissance” (p. 210). Another example is highly skilled workers in the Japanese apparel 
industry. The workers are not only famous for their assembly work, but also their beadwork and 
embroidery, skills of dyeing and decoration (Martin, 1995). As a result, the established 
craftsmanship reputation of fashion capitals draws in young talents from all over the world, who 
come to learn craftsmanship knowledge and acquire new skills, thus further developing 
innovation and competitiveness of these agglomerations (Porter, 1990).  
To summarize, this section discussed how knowledge affects productivity, which is 
positively related to the principle goal of textile and apparel industry competitiveness. Scholars 
believe an increase in textile and apparel production output in developed countries is highly 
attributable to knowledge in design and product development processes, supply chain 
management, marketing, and craftsmanship (Doeringer & Cream, 2005; Rantisi, 2002; Wenting, 
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2008). The next section explained how knowledge is related to the growth of productivity, based 
on Solow’s neoclassical growth theory (1957).  
2.3. Total Factor Productivity: The Measure of Knowledge 
Traditionally, labor and capital have been regarded as major input factors that determine 
production output and productivity (Chan & Mountain, 1983). After the introduction of 
neoclassical growth theory, the focus of the production process has centered on a new production 
input, knowledge, also known as total factor productivity,
2
 which is unaffected by labor and 
capital inputs. Scholars believe knowledge, or total factor productivity, is responsible for the 
greatest portion of output fluctuations and, subsequently, changes in productivity (Jones, 1998; 
Krugman, 1994a). The effect of knowledge–total factor productivity–is especially important to 
account for when assessing how the principle goal of industrial competitiveness is achieved in 
developed countries, where traditional input factors have limited influence on production output, 
due to a comparative disadvantage in labor cost and saturation in capital input (Jones, 1998). 
Jones (1998) showed that during the second half of the 20
th
 century in the United States, the 
GDP growth rate contributed by the two traditional input factors was stable—between 0.8 and 
0.9% for capital and between 0.7 and 1.5% for labor. However, the growth rate contributed by 
total factor productivity (TFP) fluctuated between 0.2 and 1.9%, resulting in a substantial GDP 
growth rate over the years from 2.6 to 4% (Table 5). Therefore, many scholars believe that most 
of GDP growth is attributed to increased total factor productivity (Fuhrer & Little, 1996; Jones, 
1998).  
 
  
 
2
 In the following sections, total factor productivity and knowledge are used interchangeably. 
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Table 5. GDP Growth Rate in the United States 
Period GDP growth rate Growth rate contribution 
Capital Labor TFP 
1960–1970 4.0 0.8 1.2 1.9 
1970–1980 2.7 0.9 1.5 0.2 
1980–1990 2.6 0.8 0.7 1.0 
1960–1990 3.1 0.9 1.2 1.1 
Source: Jones, 1998, p. 42. 
 
2.3.1. Neoclassical Growth Theory: Total factor productivity and its growth. 
Solow (1957) first introduced the concept of total factor productivity in economics. He 
attributed production output growth to two major factors: (a) traditional inputs (i.e., labor and 
capital); and (b) residual input (not explained by traditional input factors in his output function). 
Solow’s residual in the output function is called total factor productivity (TFP). It represents the 
level of technical know–how, known as knowledge, which shapes the way an industry operates 
and results in a long–term productivity growth (Jones, 1998; Solow, 1957).  
Traditional production theory by Cobb–Douglas (1928) assumes the production total 
output is determined by capital (K) and labor (L). Total output deviations, based on changes in 
capital (K) and labor (L), and proportion of capital input in the total output are represented by  
(Cobb & Douglas, 1928). Hence, total output growth can be estimated by the changes in capital 
(K) and labor (L), and the changes in the proportion of capital input ( Equation 1 and Equation 
2). 
 
Q = F (K, L) (1) 
aa LKLKFQ  1),(  (2) 
 
However, empirical studies have found that output (Q) in many real–life situations changes more 
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or less than what it is supposed to change, based on just capital (K) and labor (L) inputs and 
changes in proportion of capital input  (Jorgenson, 1991; Solow, 1957). Scholars empirically 
confirmed another input factor that determined output growth (e.g., Ghobadian & Husband, 
1990). These research efforts supported in the introduction of knowledge as a new input factor in 
the production process, with this factor independent from the changes in the two traditional 
factors—labor and capital (Solow, 1957).  
According to neoclassical growth theory, output (Q) is determined by the two traditional 
factors and a new third factor, technical know–how of using capital (K) and labor (L) in 
relationship to time (t) (Solow, 1957) (Equation 3).  
 
Q = F (K, L; t) (3) 
 
A(t) is a function of technical know–how of using capital (K) and labor (L) and knowledge effect 
on output function over time t. It is a multiplicative function that can be separated from the 
output functions of capital (K) and labor (L) (Solow, 1957). Also, it is based on the assumption 
the effect of shifts in knowledge overtime, A(t) in the production process, is unrelated to changes 
in capital (K) and labor (L). This assumption led to the function form as follows (Solow, 1957) 
(Equation 4):  
 
aaLKtALKFtAQ  1)(),()(   (4)  
 
Subsequently, partial differentiation of the output function with respect to time and 
division by output (Q) was conducted to Equation 2 to optimize outputs under fixed inputs. Dots 
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indicate time derivatives, and the derived equation shows the contribution of each input factor 
change to output changes (Solow, 1957) (Equation 5): 
 
   (5)  
 
Solow (1957) defined  as a relative share of capital in output and 
 as a relative share of labor in output, and plugged them into Equation 5. Equation 6 
shows the change in output is a result of a proportional change in capital and labor input, as well 
as changes in knowledge (Jorgenson & Griliches, 1967). In other words, the production output 
(Q) is influenced by not only traditional input factors, capital (K) and labor (L), but also 
knowledge (A).  
 
   (6)  
 
The differentiated output function for output maximization is rewritten to show how knowledge 
is linked in the total production output function (Equation 7). The growth of total factor 
productivity (
A
A

) can be calculated by the change of output subtracted by proportional capital 
input changes, capital input share ( kw ) times total capital input proportion changes (
K
K

), and 
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proportional labor input changes—labor input share ( Lw ) times total labor input proportion 
changes (
L
L

).  
 
   (7)  
 
2.3.1.1. Total factor productivity and sustainable growth. 
This section discusses the relationship between growth of total factor productivity and 
sustainable growth of output, which determines the growth of productivity. The next equation 
introduced the assumption of Solow’s function, where the growth rate of total factor productivity 
(h), or growth in knowledge, is assumed constant (Jones, 1998) (Equation 8):  
 
h
A
A


   (8) 
 
 
The output function, Equation 2, 
aa LtAKQ  1])([ , is rewritten in terms of output per worker, 
where L in Equation 2 is set to 1 because of single labor used, and the rewritten equation is 
differentiated to identify the relationship between growth rate of output per worker and growth 
rate of total factor productivity in the production process (Jones, 1998) (Equation 9):  
  1)]([ tAkq  
A
A
k
k
q
q

 )1( 
   (9) 
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To identify the importance of total factor productivity growth (
A
A

) in the production process, 
Jones (1998) provided a hypothetical status of the production process, called balanced growth, 
where “capital, output, consumption, and population are growing at constant rates” (Jones, 1998, 
p. 33). According to Jones (1998), the balanced growth path is used because it can identify the 
effect of total factor productivity in total output growth more easily by controlling the effect of 
other inputs in the total output growth. 
This hypothesis is applied to Equation 7, the individual output function (Jones, 1998). 
The hypothesis assumes the growth rate of K and Q, 
K
K

 and 
Q
Q

, are constant and the same. 
This means an individual output function also has a constant proportional growth rate, 
k
k

 and 
q
q

, where g is a growth rate of 
k
k

 and 
q
q

 (Equation 8). 
 
g
k
k
q
q


   (8)
 
 
The same rate of growth (g) in 
k
k

 and 
q
q

 is plugged into Equation 7, permitting the individual 
output function of Equation 7 to be presented as follows (Jones, 1998) (Equation 9):  
(1 )
A
g g
A
 

    
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A
A
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
   (9)
 
 
When output per worker, q, and capital per worker, k, grow at the same rate as a balanced 
growth path in Solow’s theory, the growth rate of the total output function, g, is the same as the 
growth rate of total factor productivity in the production process, h (Jones, 1998). If the growth 
rate of total factor productivity in the production process, h, is zero, the growth rate of the total 
output, g, will also be zero (Jones, 1998). This implies the growth of knowledge, calculated as 
the growth of total factor productivity in the production process, will translate into the growth of 
output when the growth rate of labor and capital inputs are constant and the same.. The way to 
achieve the principle goal of competitiveness is highly observable because both input factors are 
strongly related to the societal and ecological environment of a country, such as birth rate and 
savings rate, that cannot change dramatically in a short period of time.  
This section utilized Solow’s (1957) neoclassical growth theory to explain how 
knowledge is measured by the concept of total factor productivity. The next section provided a 
theoretical framework for competitiveness growth in textile and apparel industries in developed 
countries.  
 
2.4. Proposed Theoretical Framework of Competitiveness Growth 
Based on competitive advantage theory (Porter, 1990), new growth theory (Krugman, 
1991Krugman, 1991; Romer, 1986), and neoclassical growth theory (Solow, 1957), this study 
proposed a theoretical framework to explain the relationship between the growth of the principle 
goal of industrial competitiveness, trade balance, and productivity (or knowledge) in the global 
environment (background factor). The research proposed that the growth of knowledge can 
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increase industrial competitiveness measured by income per worker by increasing production 
output that determines productivity, but trade balance is not related to industrial competitiveness 
growth (Figure 1).  
 
 
 
Figure 1. Theoretical Framework of Industrial Competitiveness and its Relationship with Trade 
and Productivity 
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CHAPTER 3. METHOD AND ANALYSIS 
The purpose of this study was to examine how textile and apparel industry 
competitiveness relates to trade balance and productivity, represented by knowledge, in 
developed countries. This research investigated the relationship between (a) the principle goal of 
industrial competitiveness in textile and apparel industries and trade balance, and (b) he principle 
goal of industrial competitiveness and productivity in the United States and Japan between 1962 
and 2010. The proposed hypotheses follow: 
H1: The principle goal of industrial competitiveness is not affected by trade balance.  
H2: Productivity is positively related to the principle goal of industrial competitiveness.  
This chapter discussed the research method and procedures used in the present study. The 
first section explained the research design, the measures of the variables, including the growth in 
income, trade balance growth, and productivity growth. The following section discussed the data 
collection process. Finally, the types of analysis to test the research hypotheses were described 
and justified.  
3.1. Research Design 
This study used secondary data to capture economic indicators related to the U.S. and 
Japanese textile and apparel industries’ competitiveness (Best, 1999). The use of secondary data 
plays an important role in empirical economic research (Atkinson & Brandolini, 2001). It is 
efficient, time saving, less costly, and often the only approach possible to employ longitudinal 
data (Best, 1999). This study used secondary data from both the United States and Japan between 
1962 and 2010 to observe the effect of trade and productivity on the principle goal of industrial 
competitiveness in textile and apparel industries that cannot be observed in a short term (Lee, 
1993). The starting year, 1962, and the ending year, 2010, were chosen, based on data 
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availability from various secondary data sources.  
The analysis consisted of two parts: preliminary data analysis and the Granger causality 
test. Preliminary data analysis included: (a) the data cleaning procedure; (b) the Granger 
causality test’s assumption check by conducting stationarity test; and (c) descriptive statistics. 
Granger causality test included: (a) identification of time lag structure for the Granger causality 
regression models using F–statistics and t–statistics; and (b) interpretation of final Granger 
causality models with statistically significant lag structures (Granger, 1969). The hypotheses 
were tested for the textile and apparel industries in the United States and Japan on the final 
Granger causality models. The results are reported in the following order: U.S. textile industry, 
U.S. apparel industry, Japanese textile industry, and Japanese apparel industry.  
For the data cleaning procedure, the following tests were conducted and the deletion of 
outliers was determined:  
 visually identify the existence of outliers using data plots (Appendix A) and residual 
plots (Appendix B) (Wei, 2006);  
 discern true outliers using Cook’s distance statistics (Jennings, 2012); and  
 determine types of outliers (e.g., additive or level shifts) based on de Jong and Penzer 
(1998)’s outlier detection procedure using SAS.  
After the data cleaning procedure, descriptive statistics reported characteristics of all research 
variables: income growth, trade balance growth, and total factor productivity growth in the U.S. 
and Japanese textile and apparel industries between 1962 to 2010 years. Specifically, mean, 
standard deviation, minimum, and maximum were presented for each variable. 
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3.2. Measurement 
The principle goal factor of industrial competitiveness was defined in Chapter 2 as an 
increasingly rising standard of living for workers within an industry. The rising standard of 
living was represented by the three indicators: (a) income per capita for an industry growth; (b) 
employment growth; and (c) income distribution equity growth. In this study the principle goal 
factor of industrial competitiveness was operationalized as growth of income per capita for each 
of the four respective industries: textiles and apparel in both US and Japan. This limitation is 
dictated by two reasons. First, there is a great technical difficulty to measure the industry 
employment level because employment level is measured by the number of employed workers as 
a percent of all employed and unemployed workers not captured at the industry level in both the 
U.S. and Japanese secondary data sources (Becker & Gray, 2009; Ministry of Economy, 
Research and Statistics Department, 2005; Ministry of Economy, Research and Statistics 
Department, 2005–2010; U.S. Bureau of Labor Statistics, 2008; U.S. Census Bureau, n. d.) 
Second, data for equity in income distribution at the industry level is unavailable for both 
countries (U.S. Census Bureau, 2012; Japanese Statistics Bureau, 2008). Income growth was 
calculated by the difference between income of the current year and income of the previous year 
divided by the value of the income of the previous year (Equation 10).  
 
1
1


t
tt
t
IC
ICIC
IG
  (10)
 
 
tIG = income growth in the current year (t) ,   
tIC = income in the current year (t), and 
55 
 
 
5
5 
1tIC = income in the previous year (t–1). 
To identify the relationship between trade balance and the principle goal of industrial 
competitiveness, trade balance (TB) was calculated as export minus import. Trade balance 
growth (TBG)
3
 was calculated as follows to properly represent positive and negative growth of 
trade balance (Equation 11): 
 
1
1


t
tt
t
TB
TBTB
TBG
  (11)
 
 
tTBG = trade balance growth in the current year (t) ,  
tTB = trade balance in the current year (t),  
1tTB  = trade balance in the previous year (t–1), and 
1tTB =absolute value of trade balance in the previous year (t–1).   
 
The total amounts of textile and apparel imports and exports for both countries were collected, 
based on Standard Industrial Trade Classification (SITC): 65 (textile yarn, fabrics, made–up 
articles, not elsewhere specified, and related products) and 84 (articles of apparel and clothing 
accessories collected) for both U.S. and Japanese data (United Nations, 2010).  
The North American Classification System (NAICS) is used to collect textile industry 
production data (NAICS 313: Textile mills and NAICS 314: Textile production mills) and 
apparel industry production data (NAICS 315: Apparel manufacturing) for the United States 
(U.S. Census Bureau, 2011d). Japan Standard Industrial Classification (JSIC) system was used to 
 
3
 Please refer to Appendix C for the interpretation of trade balance growth.  
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collect textile industry production data (JSIC Division F 11: Textiles) and apparel industry 
production data (JSIC Division F 12: Apparel and other finished products made from fabrics and 
similar materials) (Japanese Statistics Bureau, 2002).  
3.2.1. Knowledge growth. 
Total factor productivity growth represents knowledge growth, which affects productivity 
of the textile and apparel industries in developed countries, as discussed in Chapter 2. Total 
factor productivity growth data can be found in both the U.S. and Japanese governments’ records. 
The U.S. Bureau of Labor Statistics (2009b) has annually provided a total factor of productivity 
growth statistical report (called multifactor productivity) for the textile industry and apparel 
industry since 1949. The Japanese Research Institute of Economy, Trade and Industry (RIETI) 
also publishes annual data on total factor of productivity growth, combining both textile and 
apparel industries (15 Textiles products) from 1970 (RIETI, 2011) to the present. The U.S. and 
Japanese governments utilize the same methodology—Tornqvist index (Diewert, 1976)—to 
calculate the growth of the total factor of productivity in the total output function, as described in 
Equation 12 (Fukao et al., 2003; U.S. Bureau of Labor Statistics, 2009b): 
  
1
1 1 1 1 1
ln ln ln ln lnt t t t tk ip
t t t t t
A Q K L IP
w w w
A Q K L IP    
         
                
            (12) 
ln = the natural logarithm of the variable, 
A = total factor productivity, 
Q = total output, 
K = capital input, 
L = labor input, 
IP = intermediate purchases input, and 
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, ,  = cost share weights. 
 
The growth of total factor productivity is calculated by the difference between changes in 
total output and input factors, namely—capital, labor and intermediate inputs—that include 
material costs for total output. The weights of capital input cost, labor input cost, and 
intermediate purchases input cost share ( ,  and , respectively) are by cost share 
weights for each variable. Cost share weights are calculated as the means of the cost shares in 
two consecutive time periods as Equations 13 and 14 (U.S. Bureau of Labor Statistics, 2009b): 
 
   (13) 
   (14) 
input price per unit of  in period t. 
 
Because of an inconsistency in the choice of aggregation level (industry), years for data 
in both countries, and currency differences, for this study it was necessary to recalculate the total 
factor of productivity growth using the Tornqvist index method. The total factor productivity 
growth provided by the U.S. Labor Statistics is separately reported for textile and apparel 
industries, but the growth of total factor productivity in Japanese textile and apparel industries is 
combined for both industries (RIETI, 2011; U.S. Bureau of Labor Statistics, 2009b). The 
Japanese RIETI calculates total factor productivity since 1970; whereas, the U.S. Bureau of 
Labor Statistics (2009b) calculates it since 1949. Both countries report total factor productivity 
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based only on their own currency.  
The comparison of cross–national data using different currencies can be possible only 
when they are transformed into a common one (Harrison, n. d.). By applying the GDP 
purchasing power parity (PPP) exchange rate Japanese data can be converted to U.S. dollars. 
Researchers can capture the difference in “the relative prices of the goods and services that make 
up the industry’s output in both countries” (Jorgenson, & Kuroda, 1991, p. 30). The consumer 
price index was used to factor out inflation effects for yearly monetary data for both countries 
(Bureau of Labor Statistics, 2012; West, 1983). The year 1985 was chosen as a base year 
because it is the midpoint of the research period. This study required extensive data collection 
from the U.S. and Japanese government sources for a nearly 50–year period, from 1962 to 2010, 
including: (a) import and export trade data for textile and apparel industries; and (b) total output 
(Q) for both industries, capital input (K), labor input (L), and intermediate input (IP) for 
calculating total factor productivity growth (
1
t
t
A
A 
 ) (Appendix D).  
3.2.2. Research hypotheses based on variable operationalization. 
Based on the literature on the measurement of the principle goal factor in industrial 
competitiveness, trade balance, and productivity (Becker & Gray, 2009; Fukao et al., 2003; 
Japanese Statistics Bureau, 2008; Ministry of Economy, Research and Statistics Department, 
2005; Ministry of Economy, Research and Statistics Department, 2005–2010; U.S. Bureau of 
Labor Statistics, 2008; U.S. Census Bureau, n. d.; U.S. Census Bureau, 2012; U.S. Bureau of 
Labor Statistics, 2009b), the research variables were operationalized as follows:  
- dependent variable principle goal of industry competitiveness was operationalized as 
income growth for workers in the respective industry; 
- independent variable trade was operationalized as trade balance growth; and  
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- independent variable productivity was operationalized as total factor productivity 
growth.  
To simplify discussion of hypotheses testing and make the results of the study more specific and 
precise, the research hypotheses proposed in Chapter 2 were re–formulated to reflect the 
operationalization of the three research variables:  
H1: Income growth in textile and apparel industries is not affected by trade balance growth.  
H1–a: Income growth in the U.S. textile industry is not affected by trade balance 
growth.  
H1–b: Income growth in the U.S. apparel industry is not affected by trade balance 
growth.  
H1–c: Income growth in the Japanese textile industry is not affected by trade 
balance growth.  
H1–d: Income growth in the Japanese apparel industry is not affected by trade 
balance growth.  
H2: Total factor productivity growth is positively related to income growth in textile and 
apparel industries.  
H2–a: Total factor productivity growth is positively related to income growth in the 
U.S. textile industry.  
H2–b: Total factor productivity growth is positively related to income growth in the 
U.S. apparel industry.  
H2–c: Total factor productivity growth is positively related to income growth in the 
Japanese textile industry.  
H2–d: Total factor productivity growth is positively related to income growth in the 
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Japanese apparel industry.  
3.3. Data Collection  
The total import and export data for the U.S. textile and apparel products were collected 
for the 1961–1967 period (U.S. Bureau, 1961–1972) and for the 1968– 2011 period (U.S. Bureau, 
1967–2011). The total import and export data for Japanese textile and apparel products were 
collected for the 1962–2010 period from the Japanese kanzei kyokai (n. d.). Data for total output 
(Q), capital input (K), labor input (L), and intermediate input (IP) for the U.S. textile and apparel 
industries were collected from 1961 to 2005 (Becker & Gary, 2009) and from 2006 to 2010 (U.S. 
Census Bureau, n.d.). Becker and Gray (2009) accumulated production data, including total 
output (Q), capital input (K), labor input (L), and intermediate input (IP) for the U.S. textile and 
apparel industries. For the data for total output (Q), labor input (L), and intermediate input (IP) 
for the Japanese textile and apparel industries were collected from 1961 to 2003 (Ministry of 
Economy, 2005) and from 2004 to 2011 (Ministry of Economy, 2005–2011). The capital input 
(K) data for the Japanese textile and apparel industries were collected from 1962 to 2010 
(Ministry of Economy, n. d.). GDP purchasing power parity exchange rate data for the Japanese 
yen to U.S. dollars were collected from Organisation for Economic Co-operation and 
Development (n. d.). Consumer price index was collected from the Bureau of Labor Statistics 
(2012). 
3.4. Data Analysis: Granger Causality Test 
Granger (1969) defined causality as a relationship established by predicting a time series 
(Xt ), “if some other series Yt contains information in past terms that helps in the prediction of Xt 
and if this information is contained in no other series used in the predictor, then Yt is said to 
cause Xt ” (p. 430). In this definition, the role of time flow is crucial, since it is how the causal 
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relationship between two time series, Xt and Yt, are established (Granger, 1969).  
The identification of the Granger Cause in two time series variables is based on multiple 
regression analysis, where a dependent variable is regressed to variable lags of the dependent 
variable and an independent variable in question (Granger, 1969). Granger (1969) explained the 
causal relationship of two time series variables as follows (Equations 15 and 16).  
 
1 1
m m
t j t j j t j t
j j
X X b Y  
 
   
,   (15) 
1 1
m m
t j t j j t j t
j j
Y c X d Y  
 
   
  (16) 
tX , t
Y
 = stationary time series variables,  
m = number of time lags, and 
t , t

 = uncorrelated error terms (white noise). 
 
It is believed tY  is causing tX  only when some jb is not zero (Granger, 1969). In the same 
way, tX  is causing tY  when some jc  is not zero (Granger, 1969). If some of both jb  and 
jc are not zero at the same time, there is a feedback relationship between tX  and tY  (Granger, 
1969).  
The m represents a number of time lags and is assumed to be related to the dependent 
variable. It is determined by Akaike’s (1970) criteria (Granger, 1969; Thomton & Batten, 1985). 
The criteria indicate appropriate maximum number of lags for Granger causality test is one–tenth 
the number of the total sample, in this case, years under the study (Akaike, 1970). Since this 
research investigated trends between 1962 and 2010, the number of lags chosen for the test was 
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five (five is one–tenth of 49 years of the data period). 
This research utilizes Meeker’s (2001, p.4) flow diagram of iterative model–building 
steps to construct a model for hypothesis testing (Figure 2). As a tentative identification of 
variables and first step to identify the feasibility of the Granger causality test, the test for each 
time series variables’ stationarity is required (Kandu, n. d.). To identify if the dependent and 
independent variables are stationary, the following procedure was conducted for each of the four 
industries’ research variables:  
1) the visual detection method using autocorrelation function (ACF) and partial 
autocorrelation function (PACF) statistics (Wei, 2006); and  
2) unit root test statistics such as Dickey–Fuller and Phillips Perron tests (Altinay & 
Karagol, 2004; Kandu, n. d).  
 
Figure 2. Flow Diagram of Iterative Model–Building Steps  
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The analysis of ACF and PACF should have no significant peaks, no relationship among 
time lags, for each time lag to show the stationarity of each research variable (Meeker, 2001). 
Further analysis based on the results of Dickey–Fuller and Phillips Perron tests should indicate 
that all research variables for the U.S. and Japanese textile and apparel industries’ data sets had 
p–values less than 0.01 to confirm the stationarity of variables (Altinay & Karagol, 2004; Kundu, 
n. d). 
After checking the stationarity for each research variable, Granger causality test was 
conducted to determine if there was a causal relationship between the dependent variable income 
growth and independent variables trade balance growth and total factor productivity growth. The 
following equations, a mathematical expression of the proposed model for Granger causality test, 
were utilized in the current study (Equations 17 and 18).  
 
 
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  (18)
 
tIC  = income growth, and   
tVAR  = one of the two independent variables, trade balance growth (TBG) or total factor 
productivity growth (TFPG). 
 
If any 
jb is statistically significant and not equal–zero, and jc is not statistically significant, this 
means the selected independent variable (VAR) has a causal relationship for income growth (IG) 
(Table 6). If any 
jc is statistically significant and not equal–zero, and jb  is not statistically 
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significant, this means income growth (IG) has a causal relationship to the selected independent 
variable (VAR). If any of both 
jb and jc is statistically significant and not equal–zero, it means 
there is a feedback relationship between income growth (IG) and the independent variable 
(VAR). For example, if there is a feedback relationship between income growth (IG) and an 
independent variable (VAR), the change in income growth (IG) causes the change in the 
independent variable (VAR), and the change in the independent variable (VAR) causes the change 
in income growth (IG). If neither 
jb , nor jc  
are statistically significant, there is no causal–
effect relationship between income growth (IG) and independent variable (VAR).  
 
Table 6. Diagram for Interpretation of 
jb  and jc   
 
jb  
Significant Not significant 
jc  
Significant  Feedback relationship between 
income growth (IG) and 
independent variable (VAR). 
Income growth (IG) has a causal 
relationship to the changes in 
independent variable (VAR).  
Not 
significant 
Independent variable (VAR) has a 
causal relationship to the changes in 
income growth (IG).  
There is no causal–effect 
relationship between income growth 
(IG) and independent variable 
(VAR).  
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CHAPTER 4. RESULTS 
The purpose of this study was to examine how textile and apparel industries’ productivity 
growth and trade balance growth in two developed countries, the United States and Japan, were 
related to the principle goal of competitiveness growth between 1962 and 2010. The principle 
goal of competitiveness of the textile and apparel industries was operationalized as workers’ 
income growth in the respective industry. Productivity growth was operationalized as total factor 
productivity, or knowledge, growth. Based on competitive advantage theory (Porter, 1990), 
comparative advantage theory (Krugman & Obstfeld, 1999), and new growth theory (Krugman, 
1990; Romer, 1986) and empirical research, it was hypothesized that trade balance growth was 
not related to income growth and total factor productivity growth was positively related to 
income growth. The hypothesized relationships formed the basis for developing a theoretical 
framework to explain the relationships between (a) trade balance and the principle goal of 
industrial competitiveness and (b) productivity and the principle goal of industrial 
competitiveness (Figure 1). To test the theoretical framework, the following hypotheses were 
proposed: 
H1: Income growth in textile and apparel industries is not affected by trade balance growth.  
H1–a: Income growth in the U.S. textile industry is not affected by trade balance 
growth.  
H1–b: Income growth in the U.S. apparel industry is not affected by trade balance 
growth.  
H1–c: Income growth in the Japanese textile industry is not affected by trade 
balance growth.  
H1–d: Income growth in the Japanese apparel industry is not affected by trade 
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balance growth.  
H2: Total factor productivity growth is positively related to income growth in textile and 
apparel industries.  
H2–a: Total factor productivity growth is positively related to income growth in the 
U.S. textile industry.  
H2–b: Total factor productivity growth is positively related to income growth in the 
U.S. apparel industry.  
H2–c: Total factor productivity growth is positively related to income growth in the 
Japanese textile industry.  
H2–d: Total factor productivity growth is positively related to income growth in the 
Japanese apparel industry.  
This chapter reports analyses and results. The analyses consisted of two parts: 
preliminary data analyses and Granger causality test to test the proposed hypotheses. Preliminary 
data analysis included: (a) data cleaning procedure; (b) the Granger causality test’s assumption 
check by conducting stationarity test; and (c) descriptive statistics. Granger causality test 
included: (a) identification of time lag structure for the Granger causality regression models 
using F–statistics and t–statistics; and (b) interpretation of final Granger causality models with 
statistically significant lag structures (Granger, 1969). The hypotheses were tested for the textile 
and apparel industries in the United States and Japan on the final Granger causality models. The 
results were reported in the following order: U.S. textile industry, U.S. apparel industry, 
Japanese textile industry, and Japanese apparel industry.  
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4.1. Preliminary Data Analysis  
4.1.1. Detecting outliers. 
Data were checked for outliers, “abnormal observations which are either too large or too 
small as compared to the rest of the observations,” as part of a data cleaning procedure before 
any statistical analysis was done to avoid a model estimation bias (Zaharim, Rajali, Atok, 
Ibrahim & Razali, 2009, p. 363). A three–step procedure was utilized to detect and manage 
outliers:  
 visually identify the existence of outliers using data plots (Appendix A) and residual 
plots (Appendix B) (Wei, 2006);  
 discern true outliers using Cook’s distance statistics (Jennings, 2012); and  
 determine types of outliers (e.g., additive or level shifts) based on de Jong and Penzer 
(1998) outlier detection procedure using SAS.  
A visual analysis of data and residual plots demonstrated that the following data points 
were possible outliers because they were located far from other data points in the data sets 
(Appendix A and B):  
 trade balance growth in1979 and 1983 and total factor productivity growth in 2009 for 
the U.S. textile industry data; 
 trade balance growth in 1962 and total factor productivity growth in 2008 for the U.S. 
apparel industry data;  
 trade balance growth in 2009 for the Japanese textile industry data; and  
 total factor productivity growth in 1971 and trade balance growth in 1973 for the 
Japanese apparel industry data.  
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A more thorough investigation of the identified possible outliers was conducted using Cook’s 
distance statistics to determine whether the visually identified outliers were true outliers (Table 
7). For Cook’s distance statistics, a critical value of F–statistics (defined as the 50th percentile of 
the      , where p is the number of variables and n is the number of data points) was used to 
identify outliers (Jennings, 2012). Data points with an F–statistics higher than the critical value, 
           = 0.46, were determined as outliers (Jennings, 2012).  
 
Table 7. Characteristics of Outliers for Trade Balance Growth (TBG) and Total Factor 
Productivity Growth (TFPG) 
Variable Cook’s 
distance 
Types of 
outlier Country Industry  Year Type 
U.S. 
Textile 
1979 TBG 0.248 – 
1983 TBG 0.013 – 
2009 TFPG 0.447 – 
Apparel 
1962 TBG 0.008 – 
2008 TFPG 0.646* Additive 
Japan 
Textile 2009 TBG 0.359 – 
Apparel 
1971 TFPG 14.560* Additive 
1973 TBG 0.090 – 
* Larger than the critical value,            = 0.46 (Jennings, 2012) 
 
The Cook’s distance analysis results showed that for the U.S. textile and apparel data 
sets, only textile industry total factor productivity growth in 2008 had an F–statistics greater than 
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0.46 (0.646). The other possible outliers in the U.S. textile data set (trade balance growth in 1979 
and 1983 and total factor productivity growth in 2009) and the possible outlier in the U.S. 
apparel data set (trade balance growth in 1962) had F–statistics less than 0.46 (Table 7). The 
Cook’s distance analysis results of the Japanese textile and apparel data sets indicated that all 
visually identified outliers had F–statistics less than 0.46 (textile total factor productivity growth 
in 2009 and apparel trade growth in 1973), with the exception of apparel total factor productivity 
growth in 1971, which had F–statistics of 14.560 (Table 7).  
Based on the Cook’s distance analysis, data points of total factor productivity growth in 
the U.S. apparel industry in 2008 and total factor productivity growth in the Japanese apparel 
industry in 1971 were identified as outliers. To determine if removing the two outliers from the 
data sets was necessary for managing time series analysis, the type of outlier was identified by de 
Jong and Penzer (1998)’s outlier detection procedure in SAS (SAS OUTLIER): whether they 
were additive outliers or level shift outliers (SAS, 2013). An additive outlier does not result in 
permanent or temporary changes in overall model behavior but significantly affects true model 
estimation (SAS, 2013). The deletion of addictive outliers is recommended for accurate model 
estimation (Longnecker & Ott, 2004). A level shift outlier is defined as the one that changes 
model level beyond a given point, resulting in model change (SAS, 2013). The existence of a 
level shift outlier means there is a change in data patterns, and deleting level shift outliers is not 
recommended (Ng & Vogelsang, 2002; Tsay, 1988). The results showed the two outliers were 
additive (Table 7). The two data points, total factor productivity growth in the U.S. apparel 
industry in 2008 and total factor productivity growth in the Japanese apparel industry in 1971, 
were removed from the data sets.  
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4.1.2. Stationarity test. 
Granger causality test assumes that all variables used to identify causal relationships 
should be stationary (Granger, 1969). To identify if the dependent (income growth) and 
independent variables (trade balance growth and total factor productivity growth) are stationary, 
the following procedures were conducted for each of the four industries’ variables (Appendix E):  
1) visual detection method using autocorrelation function (ACF) and partial 
autocorrelation function (PACF) statistics (Wei, 2006); and  
2) unit root test statistics such as Dickey–Fuller and Phillips Perron tests (Altinay & 
Karagol, 2004; Kandu, n. d).  
Visual analyses of ACF and PACF graphs for income growth, trade balance growth, and 
total factor productivity growth in the U.S. and Japanese textile and apparel industries 
demonstrated there were no identifiable patterns in the data (e. g., gradually decreasing peaks or 
sudden disappearance of peaks after a number of data points). Further analysis based on the 
results of Dickey–Fuller and Phillips Perron tests confirmed that all variables in the U.S. and 
Japanese textile and apparel industries’ data sets had p–values less than 0.01, meaning the 
variables were stationary (Altinay & Karagol, 2004; Kandu, n. d). Therefore, it was concluded 
there were no time correlations among data points in the data sets and alteration of the variables 
was not necessary.  
4.1.3. Descriptive statistics after outlier detection. 
Descriptive statistics reported characteristics of all research variables: income growth, 
trade balance growth, and total factor productivity growth in the U.S. and Japanese textile and 
apparel industries between 1962 to 2010 years, after deleting the two outliers (Figure 3 and Table 
8). Specifically, mean, standard deviation, minimum, and maximum values were presented for 
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each research variable (Table 8). Descriptive statistics showed that all four industries had a 
positive average income growth rate, indicating a steady increase in textile and apparel industries 
workers’ compensation in both countries between 1962 and 2010 (Figure 3). Similarly, all four 
industries had the same negative trend in trade balance growth rate, indicating a decline in textile 
and apparel trade balance growth
4
 in both countries between 1962 and 2010. Average total 
factor productivity growth was different by country. In the United States, both textile and apparel 
industries had a positive average rate, indicating increasing knowledge factor in the industries. In 
contrast, in Japan average total factor productivity growth rate was negative for both textile and 
apparel industries, indicating decreasing knowledge factor in the industries.  
 
 
Figure 3. Means of Income Growth (IG), Trade Balance Growth (TBG), and Total Factor 
Productivity Growth (TFPG) in the U.S. and Japanese Textile and Apparel Industries  
 
Across textile and apparel industries in the United States and Japan, the mean of income 
growth rate was the highest for the Japanese textile industry (0.031), following by the Japanese 
 
4
 See Appendix C for further details of the interpretation of trade balance growth. 
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apparel industry (0.025), the U.S. textile industry (0.006), and the U.S. apparel industry (0.004) 
(Figure 3 and Table 8). The mean of trade balance growth rate was the highest for the Japanese 
textile industry (–0.057), following by the U.S. apparel industry (–0.095), the Japanese apparel 
industry (–0.142), and the U.S. textile industry (–0.264). The mean of total factor productivity 
growth rate was the highest for the U.S. apparel industry (0.006), following by the U.S. textile 
industry (0.005), the Japanese textile industry (–0.008), and the Japanese apparel industry (–
0.024).  
Table 8. Descriptive Statistics of Income Growth (IG), Trade Balance Growth (TBG) and Total 
Factor Productivity Growth (TFPG) in the U.S. and Japanese Textile and Apparel Industries  
 
Number 
of data 
Mean 
Standard 
deviation 
Minimum Maximum 
U.S. 
Textile 
IG 49 0.006 0.026 –0.047 0.061 
TBG 49 –0.264 4.063 –20.854 18.091 
TFPG 49 0.005 0.024 –0.059 0.078 
Apparel 
IG 49 0.004 0.026 –0.054 0.057 
TBG 49 –0.095 0.135 –0.541 0.130 
TFPG 48 0.006 0.019 –0.046 0.053 
Japan 
Textile 
IG 49 0.031 0.046 –0.024 0.175 
TBG 49 –0.057 0.453 –2.523 0.830 
TFPG 49 –0.008 0.032 –0.098 0.079 
Apparel 
IG 49 0.025 0.038 –0.046 0.129 
TBG 49 –0.142 0.394 –1.709 0.618 
TFPG 48 –0.024 0.115 –0.793 0.052 
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For the U.S. textile industry, workers’ annual average income growth rate was 0.006 (SD = 
0.026), average trade balance growth rate was–0.264 (SD = 4.063), and average total factor 
productivity growth rate was–0.005 (SD = 0.024). For the U.S. apparel industry, workers’ annual 
average income growth rate was 0.004 (SD = 0.026), average trade balance growth rate was–0.095 
(SD = 0.135), and average total factor productivity growth rate was 0.006 (SD = 0.019). For the 
Japanese textile industry, workers’ annual average income growth rate was 0.031 (SD = 0.046), 
average trade balance growth rate was–0.057 (SD = 0.448), and average total factor productivity 
growth rate was–0.008 (SD = 0.032). For the Japanese apparel industry, workers’ annual average 
income growth rate was 0.025 (SD = 0.038), average trade balance growth rate was–0.142 (SD = 
0.394), and average total factor productivity growth rate was–0.024 (SD = 0.115). The total data 
points number for each variable was 49 (Table 8), with the exception of 48 data points for total 
factor productivity growth of the U.S. and Japanese apparel industries because of two outliers 
removed from both data sets (i.e., total factor productivity growth in the U.S. apparel industry in 
2008 and total factor productivity growth in the Japanese apparel industry in 1971).  
4.2. Granger Causality Test 
This section presents the results of the Granger causality tests that examined relationships 
between (a) trade balance growth and income growth, and (b) total factor productivity growth 
and income growth in the U.S. and Japanese textile and apparel industries. Granger causality test 
is a statistical analysis based on multiple regression analysis investigating the causal relationship 
of an independent variable on a dependent variable, where a dependent variable is regressed to 
time lags of the dependent variable and time lags of the independent variable in question 
(Granger, 1969). By regressing independent variable time lags and dependent variable time lags 
on the dependent variable, Granger causality test identifies whether the independent variable 
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truly influences the dependent variable (Granger, 1969). Time lag is defined as “a period 
between related events” (Cambridge Dictionaries Online, 2013) and, in this study, defined as 
each variable’s yearly lag. For example, the first order time lag for income growth (       in 
year t is defined as last year’s (t–1) income growth data, and the second order time lag for 
income growth (     ) in year t is defined as the income growth data of two years ago (t–2).  
Before identifying the relationship between independent and dependent variables, a final 
model, defined as a statistically significant model having a lag structure with all statistically 
significant Granger causal time lags, had to be identified for each of the tested relationship 
(Granger 1969). This research utilized the following process to identify a final model for the 
Granger causality tests (Figure 4). The process is based on Granger causality test that includes: 
(a) identification of time lag structure for the Granger causality regression models using F–
statistics and t–statistics; and (b) interpretation of final Granger causality models with 
statistically significant lag structures (Granger, 1969).  
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Figure 4. Flow Diagram of Granger Causality Test Model Selection 
 
First, the maximum number of possible time lags for each variable was identified using 
Akaike’s criterion (1970), defined as one–tenth of the number of total data points. It was 
determined that the maximum number of time lags should be five because the maximum number 
of total data points were 48 and 49 for the U.S. and Japanese textile and apparel industry data 
sets. Second, based on the identified maximum number of time lags, regression models with all 
possible lag structures were created (Akaike, 1970). As discussed above, Granger causality test is 
based on multiple regression analyses where a dependent variable is regressed to time lags of 
itself and time lags of an independent variable in question (Granger, 1969). As a second step in 
choosing a final Granger causality model for hypothesis testing, regression models with one to 
five time lags of dependent variable and one to five time lags of each independent variable were 
built (Appendix F). To explain causal effect of trade balance growth on income growth and total 
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factor productivity growth on income growth, each relationship should have one set of dependent 
variable time lags (five) and one set of independent variable time lags (five) as shown in Table 9.  
To identify possible feedback relationships between variables, the regression models 
explaining the causal effect of income growth on trade balance growth and the causal effect of 
income growth on total factor productivity growth were also built and tested for statistical 
significance (Granger, 1969). A feedback relationship in Granger causality test means two 
variables affect each other (Granger, 1969). For each of the four industries, 100 regression 
models were built (Table 9 and Appendix F):  
1) 25 regression models that examine a causal effect of trade balance growth on income 
growth;  
2) 25 regression models that examine a causal effect of total factor productivity growth on 
income growth; 
3) 25 regression models that examine a causal effect of income growth on trade balance 
growth, and;  
4) 25 regression models that examine a causal effect of income growth on total factor 
productivity growth.  
As a result, 400 models to test the research hypotheses for the U.S. and Japanese textile and 
apparel industries were built (Appendix F).  
 
  
77 
 
 
7
7 
Table 9. List of Granger Causality Models  
TBG on IG TFPG on IG 
  Lags of IG   Lags of IG 
Lags of 
TBG 
1 2 3 4 5 
Lags of 
TFPG 
1 2 3 4 5 
1           1           
2           2           
3           3           
4           4           
5           5           
IG on TBG IG on TFPG 
  Lags of TBG   Lags of TFPG 
Lags of 
IG  
1 2 3 4 5 
Lags of 
IG  
1 2 3 4 5 
1           1           
2           2           
3           3           
4           4           
5           5           
 
To determine which model was appropriate as a final Granger causality model for testing 
the research hypotheses, regression analyses were conducted using SAS. Statistical significance 
of the models with different lag structures was tested using F–statistics. The p–value was set at 
0.1 for the identification of statistically significant Granger causality regression models 
(Granger, 1969). After statistically significant models for each hypothesis were identified, the 
statistical significance of time lags of the dependent variable, called Granger causality time lags, 
was identified using t–statistics obtained from the same regression analysis that identified F–
statistics of the Granger causality models. This was done to determine the final Granger causality 
model for testing each hypothesis (Granger, 1969). For example, to statistically support the 
contention that total factor productivity growth causes income growth in an industry, in a model 
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with four time lags of total factor productivity growth and three time lags of income growth, all 
four time lags of total factor productivity growth in the given model should be statistically 
significant with a p–value less than 0.1 (Granger, 1969). If at least one of the four time lags is not 
statistically significant, the model cannot be utilized as a final Granger causality model to 
explain the effect of total factor productivity growth on income growth. The statistical 
significance of any of three time lags of income growth does not have any effect on building a 
causal effect of total factor productivity growth on income growth (Granger, 1969). Final 
Granger causality models explaining the relationships between (a) trade balance growth and 
income growth and (b) total factor productivity growth and income growth were selected based 
on the results of F–statistics and t–statistics from the regression analysis (Granger, 1969). If there 
are more than two models that have consecutive causal time lags with statistically significant t–
statistics, Akaike information criterion (AIC) and Bayesian information criterion (BIC) were 
used to identify the final Granger causality models (Ott & Longnecker, 1999). 
4.2.1. Identification of the time lag structure. 
4.2.1.1. The U.S. textile industry. 
4.2.1.1.1. Causal relationship between trade balance growth and income growth in the 
U.S. textile industry. 
Hypothesis H1–a, Income growth in the U.S. textile industry is not affected by trade 
balance growth, was tested using Granger causality test. As a first step, statistical significance of 
regression models was identified using F–statistics (Table 10). Six of the causal models 
explaining a causal effect of trade balance growth on income growth had p–value less than 0.1 
(Table 10): 
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1) the model with three trade balance growth time lags and two income growth time lags (p–
value 0.088; 
2) the model with three trade balance growth time lags and three income growth time lags (p–
value 0.043); 
3) the model with three trade balance growth time lags and four income growth time lags (p–
value 0.072); 
4) the model with three trade balance growth time lags and five income growth time lags (p–
value 0.091); 
5) the model with four trade balance growth time lags and three income growth time lags (p–
value 0.077); and 
6) the model with five trade balance growth time lags and three income growth time lags (p–
value 0.086). 
Seven of the causal models explaining a causal effect of income growth on trade balance growth 
had p–values less than 0.1 (Table 10): 
1) the model with one income growth time lag and four trade balance growth time lags (p–
value 0.079); 
2) the model with three income growth time lags and four trade balance growth time lags (p–
value 0.035); 
3) the model with three income growth time lags and five trade balance growth time lags (p–
value 0.043); 
4) the model with four income growth time lags and four trade balance growth time lags (p–
value 0.045); 
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5) the model with four income growth time lags and five trade balance growth time lags (p–
value 0.056); 
6) the model with five income growth time lags and four trade balance growth time lags (p–
value 0.064); and  
7) the model with five income growth time lags and five trade balance growth time lags (p–
value 0.089).  
  
Table 10. Significance Levels for Granger Causality Tests of Income Growth (IG) and Trade 
Balance Growth (TBG) for the U.S. Textile Industry. 
TBG on IG 
  Lags of IG 
Lags of 
TBG 
1 2 3 4 5 
1 0.469 0.408 0.458 0.610 0.738 
2 0.539 0.290 0.363 0.494 0.601 
3 0.270 0.088* 0.043** 0.072* 0.091* 
4 0.345 0.139 0.077* 0.115 0.142 
5 0.474 0.173 0.086* 0.128 0.181 
IG on TBG 
  Lags of TBG 
Lags of IG  1 2 3 4 5 
1 0746 0.900 0.965 0.079* 0.129 
2 0.635 0.734 0.847 0.103 0.141 
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Table 10 continued 
3 0.124 0.202 0.189 0.035** 0.043** 
4 0.193 0.287 0.273 0.045** 0.056* 
5 0.254 0.333 0.284 0.064* 0.089* 
 
*: p–value between 0.05 and 0.1, **: p–value between 0.01 and 0.05 
 
To examine a causal effect of trade balance growth on income growth in the U.S. textile 
industry, a more rigorous investigation of the lag structure was conducted (Table 11). To confirm 
a causal effect of trade balance growth on income growth, all trade balance growth time lags in 
the statistically significant regression models should have statistically significant t–statistics. The 
statistical significance of any income growth time lags does not have any effect on building a 
causal effect of trade balance growth on income growth (Granger, 1969). The investigation of 
each statistically significant model examining a causal effect of trade balance growth on income 
growth showed that none of the models had statistically significant sets of all trade balance 
growth time lags (Table 11).  
 
Table 11. Granger Causality Test Results for the Effect of Trade Balance Growth (TBG) on 
Income Growth (IG) for the U.S. Textile Industry 
Causality 
equation 
Estimate S.E. t–statistic Adjusted R2 F–statistic 
Constant 0.002 0.004 0.68 
0.113 2.09* 
      –0.059 0.162 –0.36 
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Table 11 continued 
Causality 
equation 
Estimate S.E. t–statistic Adjusted R2 F–statistic 
      –0.343 0.160 2.14** 
  
       –0.001 0.001 –1.11 
       –0.002 0.001 –1.65 
       –0.002 0.001 –2.19** 
Constant 0.004 0.004 0.99 
0.168 2.44** 
      –0.112 0.159 –0.70 
      –0.308 0.156 –1.97* 
      –0.283 0.151 –1.87* 
       –0.001 0.001 –0.98 
       –0.001 0.001 –1.52 
       –0.003 0.001 –2.83*** 
Constant 0.003 0.004 0.86 
0.149 2.08* 
      –0.114 0.161 –0.71 
      –0.300 0.159 
 
–1.89* 
      –0.293 0.154 –1.90* 
      0.067 0.153 0.44 
       –0.001 0.001 –1.06 
       –0.001 0.001 –1.54 
       –0.003 0.001 –2.83*** 
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Table 11 continued 
Causality 
equation 
Estimate S.E. t–statistic Adjusted R2 F–statistic 
Constant 0.002 0.004 0.62 
0.144 1.90* 
      –0.126 0.162 –0.77 
      –0.309 0.159 –1.94* 
      –0.287 0.155 –1.85* 
      0.057 0.154 0.37 
      0.131 0.149 0.88 
       –0.001 0.001 –1.12 
       –0.002 0.001 –1.74* 
       –0.003 0.001 –2.92*** 
Constant 0.004 0.004 0.97 
0.145 2.04* 
      –0.110 0.172 –0.64 
      –0.307 0.159 –1.93* 
      –0.282 0.158 –1.79* 
       –0.001 0.001 –0.96 
       –0.001 0.001 –1.49 
       –0.003 0.001 –2.77*** 
       0.000 0.001 0.04 
         0.003 0.004 0.92 
0.148 1.93* 
      –0.135 0.173 –0.78 
 
84 
 
 
8
4 
Table 11 continued 
Causality 
equation 
Estimate S.E. t–statistic Adjusted R2 F–statistic 
      –0.363 0.167 –2.17**   
      –0.301 0.158 
 
–1.90* 
  
       –0.001 0.001 –1.34   
       –0.002 0.001 –1.63   
       –0.003 0.001 –2.89*** 
  
       –0.000 0.001 –0.04 
       –0.001 0.001 –1.07 
 
*: p–value between 0.05 and 0.1, **: p–value between 0.01 and 0.05, ***: p–value less than 0.01 
 
To examine a causal effect of income growth on trade balance growth in the U.S. textile 
industry, the investigation of the lag structure was conducted by checking t–statistics of income 
growth time lags (Table 12). To confirm a causal effect of income growth on trade balance 
growth, all income growth time lags in the statistically significant regression models should have 
statistically significant t–statistics. The statistical significance of any trade balance growth time 
lags does not have an effect on building a causal effect of income growth on trade balance 
growth (Granger, 1969). The investigation of each statistically significant model examining a 
causal effect of income growth on trade balance growth showed that none of the models had 
statistically significant sets of all income growth time lags (Table 12). On the basis of the 
Granger causality test, it was concluded there was no causal relationship between trade balance 
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growth and income growth in the U.S. textile industry. Hypothesis H1–a was supported: trade 
balance is not related to income growth in the U.S. textile industry.  
 
Table 12. Granger Causality Test Results for the Effect of Income Growth (IG) on Trade Balance 
Growth (TBG) for the U.S. Textile Industry 
Causality 
equation 
Estimate S.E. t–statistic Adjusted R2 F–statistic 
Constant –0.239 0.604 –0.40 
0.119 2.16 
      –6.604 28.241 –0.23 
       0.017 0.159 0.11 
       –0.018 0.146 –0.12 
       –0.009 0.145 –0.06 
       –0.477 0.150 –3.18 
Constant –0.488 0.587 –0.83 
0.194 2.48** 
      8.160 27.823 0.29 
      18.983 25.798 0.74 
      55.354 25.559 2.17** 
       –0.014 0.153 –0.09 
       0.020 0.155 0.13 
       0.156 0.155 1.01 
       –0.384 0.149 –2.58** 
Constant –0.461 0.588 –0.78 
0.194 2.30** 
      12.088 28.097 0.43 
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Table 12 continued 
Causality 
equation 
Estimate S.E. t–statistic Adjusted R2 F–statistic 
      27.487 27.160 1.01 
  
      58.212 25.717 2.26** 
       0.064 0.172 0.37 
       0.043 0.156 0.28 
       0.177 0.156 1.13 
       –0.374 0.149 –2.50** 
       0.163 0.163 1.00 
Constant –0.339 0.608 –0.56 
0.192 2.28** 
      4.444 28.135 0.16 
      14.669 26.230 0.56 
      56.162 25.608 2.19** 
      –26.680 28.109 –0.95 
       0.036 0.162 0.22 
       0.030 0.155 0.19 
       0.165 0.155 1.06 
       –0.457 0.168 –2.72** 
Constant –0.326 0.610 –0.53 
0.189 2.11* 
      8.389 28.517 0.29 
      22.909 27.762 0.83 
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Table 12 continued 
Causality 
equation 
Estimate S.E. t–statistic Adjusted R2 F–statistic 
      58.749 25.816 2.28** 
  
      –24.533 28.265 –0.87 
       0.105 0.179 0.58 
       0.051 0.157 0.32 
       0.184 0.157 1.17 
       –0.442 0.169 –2.61** 
       0.152 0.164 0.92 
         –0.245 0.628 –0.39 
0.180 2.05* 
      7.062 28.608 0.25 
      16.256 26.534 0.61 
      55.995 25.806 2.17 
      –24.006 28.594 –0.84 
      –16.852 24.632 –0.68 
       0.044 0.164 0.27 
       0.070 0.167 0.42 
       0.184 0.159 1.16 
       –0.439 0.172 –2.56 
         –0.283 0.636 –0.45 
0.166 1.86* 
      8.972 28.984 0.31 
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Table 12 continued 
Causality 
equation 
Estimate S.E. t–statistic Adjusted R2 F–statistic 
      8.972 28.984 0.31 
  
      22.291 28.230 0.79 
      58.241 26.234 2.22 
      –23.625 28.834 –0.82 
      –7.975 28.153 –0.27 
       0.097 0.183 0.53 
       0.066 0.168 0.39 
       0.190 0.160 1.18 
       –0.436 0.173 –2.52** 
       0.126 0.189 0.67 
*: p–value between 0.05 and 0.1, **: p–value between 0.01 and 0.05, ***: p–value less than 0.01 
4.2.1.1.2. Causal relationship between total factor productivity growth and income growth 
in the U.S. textile industry. 
Hypothesis H2–a, total factor productivity is positively related to income growth in the 
U.S. textile industry, was tested using Granger causality test. As a first step, the statistical 
significance of regression models was identified using F–statistics (Table 13). Regression 
analyses showed that none of the models examining causal effects of total factor productivity 
growth on income growth and income growth on total factor productivity growth in the U.S. 
textile industry was statistically significant at the 0.1 level. Since there was no statistically 
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significant model describing the relationship between total factor productivity growth and 
income growth, t–statistics of Granger causal time lags were not investigated. On the basis of the 
Granger causality test, it was concluded there was no causal relationship between total factor 
productivity growth and income growth in the U.S. textile industry. Based on the test results, 
Hypothesis H2–a was not supported: no relationship was found between total factor productivity 
growth and income growth in the U.S. textile industry.  
 
Table 13. Significance Levels for Granger Causality Tests of Total Factor Productivity Growth 
(TFPG) and Income Growth (IG) for the U.S. Textile Industry 
TFPG on IG 
  Lags of IG 
Lags of TFPG 1 2 3 4 5 
1 0.785 0.710 0.513 0.653 0.768 
2 0.743 0.648 0.618 0.725 0.821 
3 0.496 0.433 0.463 0.580 0.652 
4 0.555 0.489 0.533 0.638 0.698 
5 0.413 0.292 0.336 0.412 0.492 
IG on TFPG  
  Lags of TFPG 
Lags of IG 1 2 3 4 5 
1 0.473 0.256 0.402 0.399 0.153 
2 0.403 0.303 0.437 0.430 0.130 
3 0.531 0.391 0.516 0.480 0.158 
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Table 13 continued 
4 0.599 0.397 0.517 0.469 0.122 
5 0.720 0.518 0.628 0.572 0.181 
 
4.2.1.2. The U.S. apparel industry. 
4.2.1.2.1. Causal relationship between trade balance growth and income growth in the 
U.S. apparel industry. 
Hypothesis H1–b, Income growth in the U.S. apparel industry is not affected by trade 
balance growth, was tested using Granger causality test. As a first step, the statistical 
significance of regression models was identified using F–statistics (Table 14). None of the causal 
models identifying a causal effect of trade balance growth on income growth and the causal 
models identifying a causal effect of income growth on trade balance growth was statistically 
significant (Table 14). Based on the test results, Hypothesis H1–b was supported: Income growth 
in the U.S. apparel industry is not affected by trade balance growth.  
 
Table 14. Significance Levels for Granger Causality Tests of Trade Balance Growth (TBG) and 
Income Growth (IG) for the U.S. Apparel Industry. 
 
 
 
 
 
TBG on IG 
 
Lags of IG 
Lags of 
TBG 
1 2 3 4 5 
1 0.136 0.123 0.216 0.241 0.243 
91 
 
 
9
1 
Table 14 continued 
 
 
4.2.1.2.2. Causal relationship between total factor productivity growth and income growth 
in the U.S. apparel industry. 
Hypothesis H2–b, total factor productivity growth is positively related income growth in 
the U.S. apparel industry, was tested using Granger causality test. As a first step, statistical 
significance of regression models on the effect of total factor productivity growth on income 
growth was identified using F–statistics. Regression analyses revealed that thirteen causal 
models examining the effect of total factor productivity growth on income growth in the U.S. 
apparel industry were statistically significant at the 0.1 level (Table 15):  
2 0.177 0.188 0.298 0.338 0.330 
3 0.163 0.135 0.206 0.175 0.214 
4 0.249 0.216 0.298 0.251 0.278 
5 0.300 0.285 0.366 0.280 0.346 
IG on TBG 
 
Lags of TBG 
Lags of IG 1 2 3 4 5 
1 0.111 0.145 0.223 0.301 0.401 
2 0.149 0.132 0.210 0.241 0.341 
3 0.245 0.171 0.227 0.222 0.316 
4 0.354 0.266 0.323 0.314 0.416 
5 0.429 0.321 0.395 0.408 0.507 
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1) the model with one total factor productivity growth time lag and one income growth time 
lag (p–value 0.040);  
2) the model with one total factor productivity growth time lag and two income growth time 
lags (p–value 0.033);  
3) the model with one total factor productivity growth time lag and three income growth time 
lags (p–value 0.068);  
4) the model with two total factor productivity growth time lags and one income growth time 
lag (p–value 0.095);  
5) the model with two total factor productivity growth time lags and two income growth time 
lags (p–value 0.071);  
6) the model with three total factor productivity growth time lags and one income growth time 
lag (p–value 0.097);  
7) the model with three total factor productivity growth time lags and two income growth time 
lags (p–value 0.039);  
8) the model with three total factor productivity growth time lags and three income growth 
time lags (p–value 0.068);  
9) the model with three total factor productivity growth time lags and four income growth time 
lags (p–value 0.059);  
10) the model with three total factor productivity growth time lags and five income growth time 
lags (p–value 0.045);  
11) the model with four total factor productivity growth time lags and two income growth time 
lags (p–value 0.074);  
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12) the model with four total factor productivity growth time lags and four income growth time 
lags (p–value 0.098); and 
13) the model with four total factor productivity growth time lags and five income growth time 
lags (p–value 0.071).  
Statistical significance of regression models on the effect of income growth on total 
factor productivity growth were identified using F–statistics as a second step of Granger 
causality test to detect a possible feedback relationship between total factor productivity growth 
and income growth. However, none of the models investigating a causal effect of income growth 
on total factor productivity growth was statistically significant at the 0.1level (Table 15).  
 
Table 15. Significance Levels for Granger Causality Tests of Total Factor Productivity Growth 
(TFPG) and Income Growth (IG) in the U.S. Apparel Industry. 
  
TFPG on IG 
  Lags of IG 
Lags of 
TFPG 
1 2 3 4 5 
1 0.040** 0.033** 0.068* 0.103 0.089 
2 0.095* 0.071* 0.125 0.172 0.146 
3 0.097* 0.039** 0.068* 0.059* 0.045** 
4 0.166 0.074* 0.115 0.098* 0.071* 
5 0.255 0.109 0.162 0.152 0.113 
IG on TFPG 
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Table 15 continued 
 
 
 
 
 
 
 
 
* p–value between 0.05 and 0.1; ** p–value between 0.01 and 0.05. 
 
An investigation of the lag structure was conducted by determining the statistical 
significance of the models’ parameter estimators using t–statistics (Table 16) to examine a causal 
effect of total factor productivity growth on income growth in the U.S. apparel industry. The 
model should have all statistically significant total factor productivity growth time lags to 
support a causal effect of total factor productivity growth on income growth. The statistical 
significance of any income growth time lags does not have an effect on causal relationship of 
total factor productivity growth on income growth (Granger, 1969).The investigation revealed 
that the parameter estimator of total factor productivity growth time lags in the causal model 
with first order income growth time lag (     ) and first order total factor productivity growth 
time lag (       ) was statistically significant. The rest of the twelve statistically significant 
models did not have all statistically significant total factor productivity growth time lags (Table 
  Lags of TFPG 
Lags of IG 1 2 3 4 5 
1 0.163 0.235 0.252 0.204 0.295 
2 0.308 0.378 0.377 0.296 0.401 
3 0.464 0.500 0.493 0.325 0.433 
4 0.615 0.635 0.588 0.408 0.499 
5 0.421 0.437 0.422 0.414 0.492 
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16). Therefore, the lag structure for a causal effect of total factor productivity growth on income 
growth in the U.S. apparel industry was determined as the model with one total factor 
productivity growth time lag and one income growth time lag.  
 
Table 16. Granger Causality Test Results for the Effect of Total Factor Productivity Growth 
(    ) on Income Growth (IG) in the U.S. Apparel Industry 
Causality 
equations 
Estimate S.E. t–statistics Adjusted R2 F–statistics 
Constant –0.003 0.004 –0.68 
0.112 3.51*         0.409 0.226 1.81* 
      0.291 0.155 1.88* 
Constant –0.001 0.005 –0.32 
0.144 3.24** 
        0.277 0.237 1.17 
      0.370 0.160 2.31** 
      –0.263 0.169 –1.56 
Constant –0.002 0.005 –0.34 
0.123 2.40* 
        0.273 0.241 1.13 
      0.390 0.172 2.26** 
      –0.287 0.185 –1.55 
      0.057 0.169 0.34 
Constant –0.003 0.005 –0.66 
0.088 2.28* 
        0.407 0.230 1.77* 
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Table 16 continued 
Causality 
equations 
Estimate S.E. t–statistics Adjusted R2 F–statistics 
        0.017 0.248 0.07 
        0.287 0.167 1.72* 
Constant –0.001 0.005 –0.30 
0.120 2.36* 
        0.277 0.241 1.15 
        0.000 0.243 0.00 
      0.370 0.173 2.15** 
      –0.264 0.172 –1.54 
Constant –0.005 0.005 –1.07 
0.101 2.13* 
        0.455 0.232 1.96* 
        0.008 0.246 0.03 
        0.301 0.241 1.25 
      0.248 0.168 1.47 
Constant –0.004 0.005 –0.85 
0.171 2.65** 
        0.304 0.235 1.30 
        –0.017 0.237 –0.07 
        0.430 0.240 1.79* 
      0.341 0.168 2.02* 
      –0.346 0.173 –2.00* 
Constant –0.005 0.005 –0.91 0.151 2.19* 
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Table 16 continued 
Causality 
equations 
Estimate S.E. t–statistics Adjusted R2 F–statistics 
        0.296 0.238 1.24 
  
        0.016 0.250 0.06 
        0.436 0.244 1.79* 
      0.359 0.175 2.05** 
      –0.379 0.189 –2.00* 
      0.078 0.174 0.45 
Constant –0.006 0.005 –1.16 
0.175 2.21* 
        0.308 0.235 1.31* 
        0.006 0.247 0.02 
        0.551 0.254 2.17** 
      0.330 0.174 1.90 
      –0.311 0.193 –1.61 
      –0.024 0.186 –0.13 
      0.245 0.174 1.40 
Constant –0.007 0.005 –1.36 
0.207 2.30** 
        0.314 0.231 1.36 
        0.022 0.242 0.09 
        0.563 0.249 2.26** 
      0.298 0.172 1.73* 
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Table 16 continued 
Causality 
equations 
Estimate S.E. t–statistics Adjusted R2 F–statistics 
      –0.325 0.190 –1.72* 
  
      0.050 0.189 0.26 
      0.148 0.182 0.81 
      0.239 0.157 1.52 
Constant –0.004 0.005 –0.78 
0.146 2.14* 
        0.305 0.239 1.28 
        –0.018 0.243 –0.07 
        0.431 0.245 1.76* 
        –0.009 0.250 –0.04 
      0.341 0.171 1.99* 
      –0.346 0.177 –1.95* 
Constant –0.006 0.005 –1.04 
0.150 1.88* 
        0.310 0.239 1.30 
        0.004 0.251 0.01 
        0.557 0.260 2.15** 
        –0.049 0.265 –0.19 
      0.336 0.180 1.87* 
      –0.311 0.196 –1.59 
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Table 16 continued 
Causality 
equations 
Estimate S.E. t–statistics Adjusted R2 F–statistics 
      –0.012 0.199 –0.06 
        0.244 0.177 1.38 
Constant –0.008 0.005 –1.42 
0.186 2.02* 
        0.310 0.234 1.33 
        0.030 0.246 0.12 
        0.549 0.254 2.16** 
        0.127 0.283 0.45 
      0.278 0.180 1.55 
      –0.327 0.192 –1.70* 
      0.029 0.197 0.15 
      0.136 0.187 0.73 
      0.270 0.173 1.56 
* p–value between 0.05 and 0.1; ** p–value between 0.01 and 0.05. 
 
The Granger causality test provided evidence of a causal effect of total factor productivity 
growth on income growth in the U.S. apparel industry (Table 17). The results of the analyses 
showed that the model with the first order total factor productivity (       ) and the first order 
income growth (     ) was statistically significant, with a statistically significant total factor 
productivity growth one time lag (       ). The parameter estimator (0.408) of the first order 
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total factor productivity growth (       ) showed a positive causal effect of total factor 
productivity growth on income growth in the U.S. apparel industry. This result can be interpreted 
as follows: if there is a 1% increase in total factor productivity, there will be a 0.409 increase in 
income of the U.S. apparel industry workers next year. Based on the test results, hypothesis H2–b 
was supported: there is a positive causal effect of total factor productivity growth on income 
growth in the U.S. apparel industry. 
 
Table 17. Summary of Granger Causality Test for a Causal Effect of Total Factor Productivity 
Growth (TPFG) on Income Growth (IG) for the U.S. Apparel Industry  
Causality 
equations 
Estimate S.E. t–statistics Adjusted R2 F–statistics 
Dependent variable: IG 
Constant –0.003 0.004 –0.68 
0.112 3.51*         0.409 0.226 1.81* 
      0.291 0.155 1.88* 
*: p–value between 0.05 and 0.1 p– 
4.2.1.3. Japanese textile industry. 
4.2.1.3.1. Causal relationship between trade balance growth and income growth in the 
Japanese textile industry. 
Hypothesis H1–c, Income growth in the Japanese textile industry is not affected by trade 
balance growth, was tested using Granger causality test. As a first step, statistical significance of 
regression models was identified using F–statistics (Table 18). Regression analyses showed that 
none of the models examining a causal effect of trade balance growth on income growth and 
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none of the models examining a causal effect of income growth on trade balance growth in the 
Japanese textile industry was statistically significant. On the basis of Granger causality test 
results, it was concluded there was no relationship between trade balance growth and income 
growth in the Japanese textile industry. Based on the test results, Hypothesis H1–c was 
supported: Income growth in the Japanese textile industry is not affected by trade balance 
growth. 
 
Table 18. Significance Levels for Granger Causality Tests of Trade Balance Growth (TBG) and 
Income Growth (IG) in the Japanese Textile Industry 
 
TBG on IG 
  Lags of IG 
Lags of 
TBG 
1 2 3 4 5 
1 0.321 0.413 0.548 0.417 0.386 
2 0.238 0.292 0.378 0.205 0.281 
3 0.221 0.257 0.315 0.145 0.173 
4 0.342 0.369 0.430 0.217 0.243 
5 0.466 0.492 0.547 0.303 0.330 
IG on TBG 
  Lags of TBG 
Lags of IG 1 2 3 4 5 
1 0.876 0.598 0.643 0.646 0.718 
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Table 18 continued 
2 0.958 0.747 0.770 0.768 0.8206 
3 0.669 0.601 0.615 0.656 0.684 
4 0.384 0.433 0.426 0.512 0.573 
5 0.518 0.539 0.494 0.586 0.646 
 
4.2.1.3.2. Causal relationship between total factor productivity growth and income growth 
in the Japanese textile industry. 
Hypothesis H2–c, total factor productivity growth is positively related to income growth in 
the Japanese textile industry, was tested using Granger causality test. As a first step, statistical 
significance of regression models was identified using F–statistics (Table 19). Regression 
analyses investigating a causal effect of total factor productivity growth on income growth showed 
that only one model, the model with three total factor productivity growth time lags and one 
income growth time lag, was statistically significant (p–value 0.074). The F–statistics of the 
regression analyses investigating a causal effect of income growth on total factor productivity 
growth showed that none of the models was statistically significant at the 0.1 level (Table 19).  
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Table 19. Significance Levels for Granger Causality Tests of Total Factor Productivity Growth 
(TFPG) on Income Growth (IG) in the Japanese Textile Industry 
 
*: p–value between 0.05 and 0.1 
  
To examine a causal effect of total factor productivity growth on income growth, an 
investigation of the lag structure was conducted by determining the statistical significance of the 
 
TFPG on IG 
  Lags of IG 
Lags of TFPG 1 2 3 4 5 
1 0.360 0.442 0.582 0.390 0.355 
2 0.279 0.406 0.551 0.360 0.375 
3 0.074* 0.129 0.199 0.189 0.193 
4 0.115 0.175 0.255 0.204 0.176 
5 0.184 0.263 0.353 0.286 0.245 
IG on TFPG 
  Lags of TFPG 
Lags of IG 1 2 3 4 5 
1 0.153 0.249 0.312 0.440 0.575 
2 0.294 0.386 0.446 0.573 0.694 
3 0.342 0.379 0.475 0.595 0.707 
4 0.423 0.461 0.567 0.680 0.776 
5 0.558 0.577 0.671 0.768 0.843 
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parameter estimators using t–statistics (Table 20). To support a causal effect of total factor 
productivity growth on income growth, the model should have all statistically significant total 
factor productivity growth time lags. The statistical significance of any income growth time lags 
does not have an effect on a causal relationship between total factor productivity growth and 
income growth (Granger, 1969). The analyses found that only one of three total factor 
productivity growth time lags (       ) was statistically significant (Table 20). On the basis of 
the Granger causality test, it was concluded that there was no causal relationship between total 
factor productivity growth and income growth in the Japanese textile industry. Based on the test 
results, hypothesis H2–c was not supported: no relationship was found between total factor 
productivity growth and income growth in the Japanese textile industry.  
 
Table 20. Granger Causality Test Results for the Effect of Total Factor Productivity Growth 
(TFPG) on Income Growth (IG) in the Japanese Textile industry 
Causality equations Estimate S.E. t–statistics Adjusted R2 F–statistics 
Constant  0.020  0.008 2.61 
0.109 2.32* 
         0.122  0.153 –0.29 
        –0.062  0.214 –1.46 
        –0.300  0.212 –2.30** 
      –0.489  0.220 0.82 
**: p–value between 0.01 and 0.05 
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4.2.1.4. Japanese apparel industry. 
4.2.1.4.1. Causal relationship between trade balance growth and income growth in the 
Japanese apparel industry. 
Hypothesis H1–d, Income growth in the Japanese apparel industry is not affected by trade 
balance growth, was tested using Granger causality test. As a first step, statistical significance of 
regression models was identified using F–statistics (Table 21). Regression analyses showed that 
seventeen of the models examining a causal effect of trade balance growth on income growth 
and twenty–two of the models that explain a causal effect of income growth on trade balance 
growth in the Japanese apparel industry were statistically significant at the 0.1 level. The 
statistically significant models that explain a causal effect of trade balance growth on income 
growth included:  
1) the model with one trade balance growth time lag and two income growth time lags 
(p–value 0.046);  
2) the model with one trade balance growth time lag and three income growth time lags 
(p–value 0.012); 
3) the model with one trade balance growth time lag and four income growth time lags 
(p–value 0.005);  
4) the model with one trade balance growth time lag and five income growth time lags 
(p–value 0.009);  
5) the model with two trade balance growth time lags and two income growth time lags 
(p–value 0.091); 
6) the model with two trade balance growth time lags and three income growth time lags 
(p–value 0.017); 
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7) the model with two trade balance growth time lags and four income growth time lags 
(p–value 0.003);  
8) the model with two trade balance growth time lags and five income growth time lags 
(p–value 0.005);  
9) the model with three trade balance growth time lags and three income growth time 
lags (p–value 0.024);  
10) the model with three trade balance growth time lags and four income growth time 
lags (p–value 0.007);  
11) the model with three trade balance growth time lags and five income growth time lags 
(p–value 0.011); 
12) the model with four trade balance growth time lags and three income growth time 
lags (p–value 0.045);  
13) the model with four trade balance growth time lags and four income growth time lags 
(p–value 0.013);  
14) the model with four balance growth time lags and five income growth time lags (p–
value 0.021);  
15) the model with five trade balance growth time lags and three income growth time lags 
(p–value 0.065);  
16) the model with five trade balance growth time lags and four income growth time lags 
(p–value 0.024); and 
17) the model with five trade balance growth time lags and five income growth time lags 
(p–value 0.036).  
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The results of the F–statistics identifying a causal effect of income growth on trade 
balance growth showed the following models were statistically significant (Table 21): 
1) the model with one income growth time lag and one trade balance growth time lag 
(p–value 0.041);  
2) the model with one income growth time lag and two trade balance growth time lags 
(p–value 0.092);  
3) the model with one income growth time lag and four trade balance growth time lags 
(p–value 0.061);  
4) the model with one income growth time lag and five trade balance growth time lags 
(p–value 0.028);  
5) the model with two income growth time lags and one trade balance growth time lag 
(p–value 0.037);  
6) the model with two income growth time lags and two trade balance growth time lags 
(p–value 0.078);  
7) the model with two income growth time lags and three trade balance growth time lags 
(p–value 0.086);  
8) the model with two income growth time lags and four trade balance growth time lags 
(p–value 0.059);  
9) the model with two income growth time lags and five trade balance growth time lags 
(p–value 0.035);  
10)  the model with three income growth time lags one trade balance growth time lag (p–
value 0.051); 
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11) the model with three income growth time lags and two trade balance growth time lags 
(p–value 0.097);  
12) the model with three income growth time lags and three trade balance growth time 
lags (p–value 0.010);  
13) the model with three income growth time lags and four trade balance growth time 
lags (p–value 0.054);  
14) the model with three income growth time lags and five trade balance growth time lags 
(p–value 0.038);  
15) the model with four income growth time lags and one trade balance growth time lag 
(p–value 0.085);  
16) the model with four income growth time lags and four trade balance growth time lags 
(p–value 0.062);  
17) the model with four income growth time lags and five trade balance growth time lags 
(p–value 0.052); 
18) the model with five income growth time lags and one trade balance growth time lag 
(p–value 0.012); 
19) the model with five income growth time lags and two trade balance growth time lags 
(p–value 0.023);  
20) the model with five income growth time lags and three trade balance growth time lags 
(p–value 0.037);  
21) the model with five income growth time lags and four trade balance growth time lags 
(p–value 0.003); and 
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22) the model with five trade balance growth time lags and five income growth time lags 
(p–value 0.002).  
 
Table 21. Significance Levels for Granger Causality Tests of Trade Balance Growth (TBG) and 
Income Growth (IG) in the Japanese Apparel Industry 
 
TBG on IG 
  Lags of IG 
Lags of TBG 1 2 3 4 5 
1 0.101 0.046** 0.012** 0.005*** 0.009*** 
2 0.204 0.091* 0.017** 0.003*** 0.005*** 
3 0.259 0.113 0.024** 0.007*** 0.011** 
4 0.361 0.183 0.045** 0.013** 0.021** 
5 0.451 0.211 0.065* 0.024** 0.036* 
IG on TBG 
  Lags of TBG 
Lags of IG 1 2 3 4 5 
1 0.041** 0.097* 0.119 0.061* 0.028** 
2 0.037** 0.079* 0.086* 0.059* 0.035** 
3 0.051* 0.097* 0.100* 0.054* 0.038** 
4 0.085* 0.142 0.109 0.062* 0.052* 
5 0.012** 0.023** 0.036** 0.003*** 0.002*** 
*: p–value between 0.05 and 0.1, **: p–value between 0.01 and 0.05, ***: p–value less than 0.01 
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To examine a causal effect of trade balance growth on income growth, an investigation of 
the lag structure was conducted by determining the statistical significance of the parameter 
estimators using t–statistics (Table 22). To support a causal effect of trade balance growth on 
income growth, the model should have all statistically significant trade balance growth time lags. 
The statistical significance of any income growth time lags does not have any effect on a causal 
relationship between total factor productivity growth and income growth (Granger, 1969). The 
analyses found that none of the models had all statistically significant trade balance growth time 
lags (Table 22). On the basis of Granger causality test it was concluded that there was no causal 
relationship between total factor productivity growth and income growth in the Japanese apparel 
industry. Based on the test results, hypothesis H2–c was not supported: no relationship was 
found between total factor productivity growth and income growth in the Japanese apparel 
industry.  
 
Table 22. Granger Causality Test Results for the Effect of Trade Balance Growth (TBG) on 
Income Growth (IG) for the Japanese Apparel Industry 
Causality 
equations 
Estimate S.E. t–statistics Adjusted R2 F–statistics 
Constant 0.010 0.006 1.62 
0.118 2.91** 
      0.232 0.151 1.54 
      0.293 0.155 1.89* 
       0.011 0.013 0.85 
Constant 0.006 0.006 0.93 0.203 3.73** 
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Table 22 continued 
Causality 
equations 
Estimate S.E. t–statistics Adjusted R2 F–statistics 
      0.143 0.149 0.96 
  
      0.220 0.151 1.46 
      0.357 0.156 2.29 
       0.018 0.013 1.41 
Constant 0.003 0.006 0.47 
0.259 4.00*** 
      0.056 0.150 0.38 
      0.167 0.148 1.13 
      0.277 0.155 1.79* 
      0.308 0.155 1.99* 
       0.016 0.012 1.28 
Constant 0.002 0.006 0.32 
0.250 3.38*** 
      0.016 0.161 0.10 
      0.129 0.158 0.82 
      0.250 0.160 1.56 
      0.304 0.156 1.95* 
      0.114 0.156 0.73 
       0.014 0.012 1.10 
Constant 0.011 0.007 1.64 
0.098 2.16* 
      0.229 0.153 1.50 
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Table 22 continued 
Causality 
equations 
Estimate S.E. t–statistics Adjusted R2 F–statistics 
      0.229 0.153 1.50 
  
      0.296 0.157 1.88* 
       0.010 0.013 0.77 
       0.004 0.013 0.33 
         0.007 0.006 1.09 
0.202 3.17** 
      0.122 0.150 0.81 
      0.218 0.151 1.45 
      0.398 0.161 2.47** 
       0.016 0.013 1.28 
       0.012 0.012 0.98 
         0.004 0.006 0.67 
0.302 3.17** 
      –0.008 0.150 –0.06 
      0.148 0.144 1.03 
      0.328 0.153 2.14** 
      0.405 0.159 2.54** 
       0.012 0.012 1.00 
       0.022 0.012 1.83* 
         0.003 0.006 0.52 
0.293 3.54*** 
      –0.046 0.160 –0.29 
      0.112 0.153 0.73 
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Table 22 continued 
Causality 
equations 
Estimate S.E. t–statistics Adjusted R2 F–statistics 
      0.302 0.158 1.91* 
  
      0.400 0.160 2.50** 
      0.107 0.151 0.71 
       0.010 0.012 0.84 
       0.022 0.012 1.80* 
         0.005 0.007 0.79 
0.201 2.80** 
      0.131 0.151 0.87 
      0.227 0.152 1.50 
      0.393 0.161 2.43** 
       0.016 0.013 1.26 
       0.014 0.013 1.15 
       –0.011 0.012 –0.97 
         0.004 0.006 0.60 
0.2837 3.43*** 
      –0.003 0.154 –0.02 
      0.152 0.147 1.03 
      0.329 0.155 2.12** 
      0.392 0.171 2.30** 
       0.012 0.012 1.00 
       0.022 0.012 1.82* 
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Table 22 continued 
Causality 
equations 
Estimate S.E. t–statistics Adjusted R2 F–statistics 
       –0.003 0.012 –0.22   
         0.003 0.006 0.52 
0.2724 3.01** 
      –0.049 0.170 –0.29 
      0.110 0.161 0.68 
      0.301 0.162 1.86* 
      0.404 0.173 2.34** 
      0.110 0.167 0.66 
       0.010 0.012 0.82 
       0.022 0.012 1.76* 
       0.001 0.013 0.06 
         0.005 0.007 0.72 
0.1789 2.34** 
      0.127 0.155 0.82 
      0.230 0.155 1.49 
      0.397 0.166 2.40** 
       0.016 0.013 1.26 
       0.014 0.013 1.13 
       –0.011 0.012 –0.89 
       –0.002 0.012 –0.16 
         0.004 0.007 0.55 
0.264 2.92* 
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Table 22 continued 
Causality 
equations 
Estimate S.E. t–statistics Adjusted R2 F–statistics 
      –0.046 0.175 –0.26 
  
      0.118 0.176 0.67 
      0.294 0.172 
 
1.71* 
      0.395 0.181 2.18** 
      0.112 0.182 0.62 
       0.011 0.014 0.79 
       0.021 0.013 1.59 
       0.001 0.013 0.04 
       0.000 0.013 0.02 
       0.004 0.012 0.29 
Note: *–p–value between 0.05 and 0.1; **–p–value between 0.01 and 0.05, ***: p–value less 
than 0.01. 
 
To examine a causal effect of income growth on trade balance growth, an investigation of 
the lag structure was conducted by determining the statistical significance of the statistically 
significant models’ parameter estimators using t–statistics (Table 23). To support a causal effect 
of income growth on trade balance growth, the model should have all statistically significant 
income growth time lags. The statistical significance of any trade balance growth time lags does 
not have any effect on a causal relationship of income growth on trade balance growth (Granger, 
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1969). The analyses found that four regression models had all statistically significant income 
growth time lags (Table 23): 
1) the model with one income growth time lag and one trade balance growth time lag; 
2) the model with one income growth time lag and two trade balance growth time lags; 
3) the model with one income growth time lag and four trade balance growth time lags; 
and 
4) the model with one income growth time lag and five trade balance growth time lags. 
 
Table 23. Granger Causality Test Results for the Effect of Income Growth (IG) on Trade Balance 
Growth (TBG) for the Japanese Apparel Industry 
Causality 
equations 
Estimate S.E. t–statistics Adjusted R2 F–statistics 
Constant –0.061 0.071 –0.86 0.102 3.45** 
      –3.805 1.681 –2.26**   
       0.155 0.144 1.07   
Constant –0.029 0.074 –0.39 
0.1281 3.11** 
      –2.963 1.751 –1.69* 
      –2.679 1.801 –1.49 
       0.089 0.149 0.60 
Constant –0.053 0.077 –0.69 
0.1295 2.60* 
      –3.455 1.814 –1.90* 
      –3.082 1.841 –1.67 
      1.954 1.896 1.03 
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Table 23 continued 
 
 
Causality 
equations 
Estimate S.E. t–statistics Adjusted R2 F–statistics 
       0.126 0.153 0.83   
Constant –0.064 0.080 –0.80 
0.115 2.11* 
      –3.778 1.911 –1.98* 
      –3.279 1.887 –1.74* 
      1.655 1.979 0.84 
      1.152 1.973 0.58 
       0.118 0.155 0.76 
Constant –0.026 0.076 –0.35 
0.237 3.22** 
      –2.027 1.892 –1.07 
      –1.655 1.855 –0.87 
      2.807 1.888 1.49 
      1.305 1.833 0.71 
      –4.887 1.836 –2.66** 
       0.196 0.147 1.33 
Constant –0.064 0.075 –0.85 
0.080 2.25* 
      –3.792 1.705 –2.22** 
       0.159 0.150 1.06 
       –0.020 0.148 –0.13 
         –0.033 0.077 –0.43 
0.107 2.28* 
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Table 23 continued    
Causality 
equations 
Estimate S.E. t–statistics Adjusted R2 F–statistics 
      –2.938 1.777 –1.65 
  
      –2.697 1.825 –1.48 
       0.095 0.154 0.62 
       –0.030 0.146 –0.20 
         –0.052 0.079 –0.66 
0.107 2.03* 
      –3.471 1.855 –1.87 
      –3.083 1.865 –1.65 
      1.987 1.989 1.00 
       0.125 0.156 0.80 
       0.010 0.151 0.06 
         –0.023 0.077 –0.30 
0.218 2.72** 
      –2.177 1.960 –1.11 
      –1.696 1.881 –0.90 
      2.934 1.943 1.51 
      1.538 1.966 0.78 
      –4.904 1.858 –2.64** 
       0.188 0.151 1.25 
       0.054 0.150 0.36 
         –0.008 0.080 –0.10 
0.114 2.11* 
      –3.039 1.772 –1.71*   
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Table 23 continued     
Causality 
equations 
Estimate S.E. t–statistics Adjusted R2 F–statistics 
      –2.807 1.820 –1.54   
       0.096 0.153 0.64   
       –0.065 0.149 –0.44   
       0.166 0.145 1.15   
         –0.027 0.082 –0.33 
0.116 1.94* 
      –3.596 1.849 –1.95* 
      –3.212 1.859 –1.73* 
      2.069 1.980 1.04 
       0.127 0.156 0.82 
       –0.026 0.153 –0.17 
       0.172 0.145 1.18 
         –0.017 0.079 –0.21 
0.204 2.38** 
      –2.548 2.077 –1.23 
      –1.995 1.965 –1.02 
      2.792 1.976 1.41 
      1.955 2.107 0.93 
      –4.442 2.033 –2.19* 
       0.177 0.153 1.16 
       0.045 0.152 
 
0.29 
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Table 23 continued   
Causality 
equations 
Estimate S.E. t–statistics Adjusted R2 F–statistics 
       0.093 0.158 0.59   
         –0.066 0.077 –0.86 
0.134 2.33* 
      –4.154 1.664 –2.50** 
 
  
       0.195 0.146 1.33   
       –0.066 0.147 –0.45   
       0.214 0.147 1.46   
       –0.263 0.145 –1.82*   
         –0.034 0.080 –0.43 
0.149 2.25* 
      –3.394 1.751 –1.94* 
      –2.338 1.808 –1.29 
       0.136 0.152 0.90 
       –0.076 0.146 –0.52 
       0.217 0.146 1.49 
       –0.232 0.145 –1.60 
         –0.063 0.082 –0.76 
0.167 2.23* 
      –4.149 1.820 –2.28** 
      –2.790 1.819 –1.53 
      2.626 1.946 1.35 
       0.181 0.154 1.18 
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Table 23 continued     
Causality 
equations 
Estimate S.E. t–statistics Adjusted R2 F–statistics 
       –0.026 0.149 –0.18 
  
       0.231 0.144 1.60 
       –0.264 0.146 –1.81* 
         –0.071 0.082 –0.86 
0.171 2.11* 
      –4.922 1.953 –2.52** 
      –3.238 1.862 –1.74* 
      2.245 1.974 1.14 
      2.302 2.141 1.08 
       0.158 0.155 1.01 
       0.021 0.155 0.14 
       0.282 0.152 1.86* 
       –0.259 0.145 –1.79* 
         –0.062 0.073 –0.85 
0.349 3.56*** 
      –2.554 1.878 –1.36 
      –0.609 1.838 –0.33 
      4.142   1.844* 2.25* 
      1.613 1.909 0.84 
      –6.322 1.945 –3.25*** 
       0.293 0.144 2.04** 
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Table 23 continued      
Causality 
equations 
Estimate S.E. t–statistics Adjusted R2 F–statistics 
       0.049 0.138 0.35 
  
       0.124 0.143 0.87 
       –0.404 0.136 –2.96*** 
         –0.026 0.077 –0..34 
0.193 2.71** 
      –4.271 1.607 –2.66** 
       0.259 0.145 1.78* 
       –0.118 0.145 –0.82 
       0.234 0.142 1.64 
       –0.334 0.144 –2.31** 
       0.278 0.143 1.94* 
         –0.005 0.080 –0.07 
0.193 2.47** 
      –3.673 1.712 
 
–2.15** 
      –1.808 1.786 –1.01 
       0.208 0.154 1.35 
       –0.121 0.144 –0.84 
       0.234 0.142 1.65 
       –0.304 0.147 –2.06** 
       0.253 0.145 1.74* 
         –0.032 0.082 –0.39 
0.202 2.36** 
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Table 23 continued     
Causality 
equations 
Estimate S.E. t–statistics Adjusted R2 F–statistics 
      –4.300 1.785 –2.41** 
  
      –2.239 1.814 –1.23 
      2.260 1.919 1.18 
       0.241 0.155 1.55 
       –0.075 0.149 –0.50 
       0.244 0.142 1.72* 
       –0.325 0.148 –2.20* 
       0.232 0.145 1.60 
         –0.041 0.084 –0.49 
0.194 2.15* 
      –4.880 1.926 –2.53** 
 
      –2.634 1.884 –1.40 
      2.001 1.953 1.02 
      1.767 2.144 0.82 
       0.217 0.159 1.37 
       –0.034 0.158 –0.21 
       0.282 0.150 1.89* 
       –0.317 0.149 –2.13 
       0.211 0.148 1.42 
         –0.026 0.072 –0.36 
0.398 3.84*** 
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Table 23 continued  
Causality 
equations 
Estimate S.E. t–statistics Adjusted R2 F–statistics 
      –2.388 1.808 –1.32 
  
      0.236 1.820 0.13 
      3.946 1.776 2.22** 
      0.946 1.868 0.51 
      –6.633 1.877 –3.53*** 
       0.370 0.144 2.57** 
       –0.015 0.136 –0.11 
       0.117 0.138 0.85 
       –0.479 0.137 –3.50*** 
       0.250 0.129 1.94* 
 
Note: * p–value between 0.05 and 0.1; ** p–value between 0.01 and 0.05; *** p–value less than 
0.01 
 
To identify the final Granger causality models explaining a causal effect of income 
growth on trade balance growth, Akaike information criterion (AIC) and Bayesian information 
criterion (BIC) were generated (Table 24). According to Ott and Longnecker (1999), the lower 
AIC and BIC coefficients are, the better the model can explain the relationship between 
independent variables and a dependent variable. The AIC statistics showed that the model with 
one income growth time lag and five trade balance growth time lags had the lowest AIC statistic 
(–82.233), following by the model with one income growth time lag and one trade balance 
125 
 
 
1
2
5 
growth time lag (–81.055). The BIC statistics showed slightly different results in choosing the best 
Granger causality model. The lowest BIC was reported for the model with one income growth time 
lag and one trade balance growth time lag (–79.265), following by the model with one income 
growth time lag and five trade balance growth time lags (–77.656). The AIC and BIC analysis 
showed that the model with one income growth time lag and five trade balance growth time lags 
had the lowest AIC statistic and the model with one income growth time lag and one trade balance 
growth time lag had the lowest BIC statistic. Based on the AIC and BIC criteria analysis that 
compared variances of each model, the model with one income growth time lag and one trade 
balance growth time lag was chosen as the final Granger causality model to explain a causal effect 
of income growth on trade balance growth.  
 
Table 24. Results of AIC and BIC for Granger Causality Model Selection 
Time lags AIC BIC 
     ,        –81.055 –79.265 
     ,      ,       –79.074 –77.351 
                                  –79.963 –77.025 
                                          –82.233 –77.656 
 
The Granger causality tests provided evidence of a causal effect of income growth on trade 
balance growth in the Japanese apparel industry (Table 23). The results of the analyses showed 
that the model with the first order income growth (     ) and the first order trade balance growth 
(      ) was statistically significant, with a statistically significant income growth time lag 
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(     ). The parameter estimator (–3.805) of the first order income growth (     ) showed a 
negative causal effect of income growth on trade balance growth in the Japanese apparel industry. 
This result can be interpreted as follows: if there is a 1% increase in Japanese apparel industry 
workers’ income, there is a 3.805% decrease in trade balance next year (Table 23). Hypothesis 
H1–d proposed Income growth in the Japanese apparel industry is not affected by trade balance 
growth. Based on the test results, hypothesis H1–d was supported: Income growth in the Japanese 
apparel industry is not affected by trade balance growth. However, a negative causal effect of 
income growth on trade balance growth was found in the Japanese apparel industry. 
4.2.1.4.2. Causal relationship between total factor productivity growth and income growth 
in the Japanese apparel industry. 
Hypothesis H2–d, total factor productivity growth is positively related to income growth 
in the Japanese apparel industry, was tested using Granger causality test. As a first step, 
statistical significance of regression models was identified using F–statistics (Table 25). 
Regression analyses showed that none of the models examining a causal effect of total factor 
productivity growth on income growth and a causal effect of income growth on total factor 
productivity growth in the Japanese apparel industry was statistically significant at the 0.1 level. 
On the basis of Granger causality test it was concluded there was no causal relationship between 
total factor productivity growth and income growth in the Japanese apparel industry. Based on 
the test results, hypothesis H2–d was rejected: no relationship was found between total factor 
productivity growth and income growth in the Japanese apparel industry.  
 
127 
 
 
1
2
7 
Table 25. Significance Levels for Granger Causality Tests of Total Factor Productivity Growth 
(TFPG) and Income Growth (IG) in the Japanese Apparel Industry 
 
TFPG on IG 
  Lags of IG 
Lags of TFPG 1 2 3 4 5 
1 0.182 0.312 0.296 0.335 0.417 
2 0.317 0.449 0.413 0.452 0.531 
3 0.478 0.599 0.544 0.576 0.648 
4 0.786 0.723 0.664 0.683 0.743 
5 0.748 0.825 0.768 0.780 0.826 
IG on TFPG  
  Lags of TFPG 
Lags of IG 1 2 3 4 5 
1 0.990 0.998 1.000 1.000 1.000 
2 0.948 0.985 0.996 0.998 1.000 
3 0.985 0.996 0.999 1.000 1.000 
4 0.977 0.992 0.998 0.999 1.000 
5 0.687 0.795 0.874 0.920 0.950 
 
4.3. Summary of the Hypotheses Testing Using Granger Causality Test  
The research hypotheses examined how textile and apparel industries’ trade balance 
growth and total factor productivity growth relates to the industries workers’ income growth in 
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the United States and Japan between 1962 and 2010. The following hypotheses were tested: 
H1: Income growth in textile and apparel industries is not affected by trade balance growth.  
H1–a: Income growth in the U.S. textile industry is not affected by trade balance 
growth. 
H1–b: Income growth in the U.S. apparel industry is not affected by trade balance 
growth. 
H1–c: Income growth in the Japanese textile industry is not affected by trade 
balance growth.  
H1–d: Income growth in the Japanese apparel industry is not affected by trade 
balance growth.  
H2: Total factor productivity growth is positively related to income growth in textile and 
apparel industries.  
H2–a: Total factor productivity growth is positively related to the principle goal, 
income growth in the U.S. textile industry. 
H2–b: Total factor productivity growth is positively related to the principle goal, 
income growth in the U.S. apparel industry. 
H2–c: Total factor productivity growth is positively related to the principle goal, 
income growth in the Japanese textile industry. 
H2–d: Total factor productivity growth is positively related to the principle goal, 
income growth in the Japanese apparel industry. 
The results of the Granger causality test showed that the first set of the hypotheses 
proposing no causal relationship between trade balance growth and income growth was supported 
for four industries: the textile and apparel industries in the United States and Japan. Hypotheses 1–
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a, 1–b, 1–c, and 1–d were supported. –However, for the Japanese apparel industry, Hypothesis 1–
d, even though trade balance growth was found to have a causal effect on income growth, a 
negative causal effect of income growth on trade balance growth was found (Table 26). In the 
Japanese apparel industry, income growth in the previous year negatively affected trade balance 
growth in the current year.  
The results of the Granger causality test showed that the second set of hypotheses 
proposing a positive causal effect of total factor productivity growth on income growth was not 
supported for the three industries: the US textile industry, as well as the Japanese textile and 
apparel industries. Hypotheses 2–a, 2–c, and 2–d were not supported: no relationship was found 
between total factor productivity growth and income growth in the three industries. Hypothesis 2–
b was supported: a positive causal effect of total factor productivity growth on income growth was 
found in the US apparel industry (Table 26).  
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Table 26. Summary of the Research Hypotheses Testing Results 
Hypotheses 
The United States Japan 
Textile 
industry 
Apparel  
industry 
Textile 
industry 
Apparel 
industry 
H1: Trade balance growth 
is not related to income 
growth 
H1–a 
Supported 
H1–b 
Supported 
H1–c 
Supported 
H1–d 
Supported
5
 
H2: Total factor 
productivity growth is 
positively related to income 
growth 
H2–a 
Not 
supported 
H2–b 
Supported 
H2–c 
Not 
supported 
H2–d 
Not 
supported 
 
5
 The Granger Causality test found that there is a negative effect of income growth on trade 
balance growth in the Japanese apparel industry. 
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CHAPTER 5. DISCUSSION AND CONCLUSION 
The purpose of this study was to examine how textile and apparel industries 
competitiveness in two developed countries, the United States and Japan, was affected by trade 
and productivity over a 48–year period, between 1962 and 2010. The United States and Japan 
were selected for this study because of (a) their similar level of economic development (OECD, 
2011), and (b) each country’s distinct policies to increase competitiveness of their domestic 
textile and apparel industries (Chapple, 1999; Fernie & Azuma, 2002; Kanamori, 1988; Spinger, 
1998; Yoshimatsu, 2000). The U.S. government emphasized trade–related policies resulting in 
extensive and varied barriers for textile and apparel imports (Dickerson, 1999; Harrigan & 
Barrows, 2009; Spinanger, 1998). The Japanese government focused on productivity–related 
policies to increase competitiveness of the textile and apparel industries (Kanamori, 1998; 
Yoshimatsu, 2000), including obsolete technology scrapping, quick response systems and a focus 
on niche markets (Kanamori, 1988; Yoshimatsu, 2000).  
To address the research purpose, it was necessary to first review theoretical backgrounds 
and to clarify the meaning of competitiveness. The study analyzed theoretical backgrounds of 
competitiveness to develop a comprehensive perspective and definition of the construct. To 
define competitiveness, the content analysis method by Elo and Kyngas (2007) and Spiggle 
(1994) was utilized. The analysis included the following steps: (a) systematically analyzed 
definitions of competitiveness in extant research; (b) identified key concepts incorporated in the 
competitiveness definition; (c) extracted interrelations between the concepts; and (d) formulated 
a comprehensive definition of the construct. Based on competitive advantage theory (Porter, 
1990), comparative advantage theory (Krugman & Obstfeld, 1999), new growth theory 
(Krugman, 1990; Romer, 1986), and extant research, this study proposed a definition of 
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competitiveness as follows:  
In the new global environment, where knowledge plays a critical role, competitiveness is a 
country or industry’s ability to achieve an increasingly high standard of living for its 
workers through productivity growth. 
The extensive operationalization investigation and neoclassical growth theory (Solow, 
1957) in Chapter 3 became the basis for operationalizing the research variables as follows: 
- independent variable trade was operationalized as trade balance growth;  
- independent variable productivity was operationalized as total factor productivity 
growth; and 
- competitiveness, of principle goal of competitiveness, was operationalized as industry 
workers’ income growth. 
Based on the proposed theoretical framework (Figure 1) and the above operationalization, the 
following research hypotheses were developed and tested: 
H1: Income growth in textile and apparel industries is not affected by trade balance growth.  
H1–a: Income growth in the U.S. textile industry is not affected by trade balance 
growth. 
H1–b: Income growth in the U.S. apparel industry is not affected by trade balance 
growth. 
H1–c: Income growth in the Japanese textile industry is not affected by trade 
balance growth.  
H1–d: Income growth in the Japanese apparel industry is not affected by trade 
balance growth.  
H2: Total factor productivity growth is positively related to income growth in textile and 
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apparel industries.  
H2–a: Total factor productivity growth is positively related to income growth in the 
U.S. textile industry. 
H2–b: Total factor productivity growth is positively related to income growth in the 
U.S. apparel industry. 
H2–c: Total factor productivity growth is positively related to income growth in the 
Japanese textile industry. 
H2–d: Total factor productivity growth is positively related to income growth in the 
Japanese apparel industry. 
This chapter presents the research conclusions of and implications. The findings lead to a 
number of theoretical, methodological, and practical implications for researchers as well as 
textile and apparel industry professionals and policy makers. The chapter concludes by 
acknowledging the limitations of the study and providing recommendations for future research.  
5.1. The Relationship Between Trade and the Principle Goal of Competitiveness 
This research found that trade had no effect on the principle goal of industrial 
competitiveness in the U.S. and Japanese textile and apparel industries. This study measured 
industry workers’ income growth to represent the concept of the principle goal of industrial 
competitiveness and trade balance growth to represent the concept of trade. The results of the 
study confirmed that trade had no effect on the principle goal of industrial competitiveness for 
the U.S. and Japanese textile and apparel industries. This finding is consistent with some 
previous empirical research. For example, Ezeala–Harrison (1995) investigated how trade 
balance was related to the gross national income per capita, which represented the indicator of 
Canada’s national competitiveness. The author concluded that the country’s competitiveness was 
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not affected by the overall country’s trade balance: from 1962 to 1988 the gross national income 
per capita increased, although Canada experienced a growing trade deficit and poor performance 
in its world export share. In contrast, national productivity measured by total output per capita 
increased steadily during the same period (Ezeala–Harrison, 1995).  
The finding that trade balance does not affect the principle goal of competitiveness in the 
U.S. and Japanese textile and apparel industries is also supported by theoretical developments. 
Comparative advantage theory assumes trade depends on final product prices that, among other 
factors, are determined by a country’s relative labor productivity (Krugman, 1994a; Krugman & 
Obstfeld, 1999; Verma, 2002). Krugman and Obstfeld (1999) argue that industrial 
competitiveness cannot be influenced by trade balance because high trade balance can mean 
either highly productive industry, or low labor cost relative to its competitors. Therefore, high 
trade balance cannot always guarantee to increase the principle goal of industrial 
competitiveness, which is defined as welfare of the industry’s workers. 
This research found that income growth had a negative causal effect on trade balance 
growth in the Japanese apparel industry, even though no causal effect of trade balance growth on 
income growth was found. The relationship showed that in the Japanese apparel industry a 1% 
increase in income in the previous year resulted in a 3.805% decrease in trade balance in the 
current year. This finding indicates that increase in income of the workers in the Japanese 
apparel industry in the current year leads to decline in apparel trade balance in the following 
year, which means either apparel export decrease or apparel import increase, or both, in the 
domestic apparel market. The increase in the Japanese apparel industry workers’ income and the 
consequent decline in apparel trade balance indicate that the industry was losing competition in 
the price of the product. In other words, domestically produced apparel was losing its 
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competitiveness to lower priced-imports, as the income of Japanese workers producing apparel 
domestically kept growing, resulting in higher prices of the goods they manufactured.  
A possible explanation for this is that the Japanese apparel industry might have an 
industry structure that is different from the U.S. apparel industry and more susceptible to the 
price competition from developing countries. The Japanese apparel industry, which continues to 
have a more significant domestic production in comparison with the U.S. apparel industry, 
appears to focus more on craftsmanship than other types of knowledge-based activities, such as 
marketing or supply chain management in producing high-value added products to satisfy highly 
quality conscious Japanese consumers (Lee & Karpova, 2011). This might dictate for the 
Japanese industry to have more blue-collar workers who have high level of craftsmanship and 
engaged in domestic production of high-quality, high-value added apparel(Hiyama et al., 2011). 
As a result, an increase of these workers’ wages dictates further decrease in apparel trade balance 
as the industry overall is more susceptible to price competition as workers in other developing 
countries increase its skill levels (n.a., 10/9/2007).  
5.2. The Relationship Between Productivity and the Principle Goal of Competitiveness  
In this study, no causal relationship was found between productivity and the principle 
goal of industrial competitiveness for three of the four industries. Productivity was measured as 
total factor productivity growth, or knowledge growth, in the industry. The principle goal of 
competitiveness, or welfare of an industry’s workers, was measured as the industry workers’ 
income growth. For the U.S. textile industry and Japanese textile and apparel industries, no 
causal relationship was found between productivity and the principle goal of competitiveness. 
However, a causal relationship between productivity and the principle goal of competitiveness 
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was found in the U.S. apparel industry. The relationship showed that a 1% increase in total factor 
productivity resulted in a 0.408% increase in the U.S. apparel industry workers’ income.  
Previous research investigating industrial competitiveness asserted that productivity has a 
positive effect on the principle goal of industrial competitiveness, high and increasing wealth of 
the industry workers (Coelli et al., 2005; Ezeala–Harrison, 1995; Porter, 1990). Scholars believe 
that if an industry has high productivity, its production process is highly efficient, and, as a result, 
the industry can produce more output with the same input in comparison with competition 
(Coelli et al., 2005). This should be especially applicable to the current research, which, based on 
neoclassical theory (Solow, 1957), operationalized total factor productivity as knowledge—an 
important input factor in the production process in developed countries. It should be noted that in 
this study, productivity was referred to not only manufacturing but also pre- and post-production 
processes, including design and product development, supply chain management, branding, and 
marketing.  
In developed economies, where the traditional input factors, labor and capital, have 
limited contribution to productivity growth, knowledge becomes the critical factor that accounts 
for most increase in productivity and industrial competitiveness (Jones, 1998). Knowledge in 
textile and apparel agglomerations is critical for increasing production output—developing and 
producing high value–added products, which, in turn, results in achieving the principle goal of 
competitiveness by increasing the wealth of the industry’s workers (Scott, 2006). It has been 
suggested that increased textile and apparel production output in developed countries is highly 
attributable to knowledge and expertise in design and product development processes, supply 
chain management, marketing, and craftsmanship (Doeringer & Cream, 2005; Rantisi, 2002; 
Wenting, 2008).This research has empirically confirmed these propositions in the case of the U.S. 
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apparel industry.  
The results of this study, however, only partially supported the belief that increasing 
productivity leads to income growth, that in this study represented the principle goal of industrial 
competitiveness. It was found that there was no relationship between productivity and income of 
workers in the U.S. textile and Japanese textile and apparel industries. The findings only partially 
supported theoretical propositions about influence of knowledge, an important productivity 
factor in the context of developed economies, on high and growing income of textile and apparel 
industry workers (Fuhrer & Little, 1996; Jones, 1998). This might be because to measure 
productivity this study relied only on total factor productivity (knowledge) and excluded the 
effect of traditional input factors on production growth, such as capital and labor. While the two 
input factors can only have limited contribution to industrial productivity growth in developed 
economies, they still might be important to take into consideration, especially, when examining 
highly labor–intensive apparel industry and relatively capital–intensive textile industry.  
Scholars have argued that the U.S. apparel industry has a decreasing competitiveness 
because of rapidly increasing imports in the domestic market (Dickerson, 1999; Taplin & 
Winterton, 2004). However, in the current research, it was empirically demonstrated that among 
the four industries included in the study, the U.S. apparel industry was, in fact, the only industry 
with a positive effect of productivity growth (measured by total factor productivity growth) on 
the industry competitiveness. The U.S. apparel industry is known for a massive restructuring 
during the 1980s, when most of production assembly operations were moved to low labor cost 
countries. The restructuring resulted in a changing nature of the industry labor force: number of 
manufacturing, blue–collar jobs had declined substantially, whereas number of white–collar 
workers with university degrees continued to increase (Hodges & Karpova, 2006). These 
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white-collar professionals are involved in activities that demand high knowledge and expertise to 
be successful in innovation, product strategy, marketing, and supply chain management as well as 
development of strong global brands (Gereffi, Humphrey, & Sturgeon, 2005). In turn, these 
highly-qualified professionals call for higher income. This fact is emphasized in the Nordas’ study 
(2009) of the U.S. apparel industry’s labor force composition. The research showed that the cost 
proportion of skilled labor in gross output in the U.S. apparel industry (5.8%) was higher than that 
in the Japanese apparel industry (4.0%) in 2001.     
The U.S. apparel industry is at the center of buyer–driven commodity chains referred to as 
“industries in which large retailers, branded marketers, and branded manufactures play the pivotal 
roles in setting up decentralized production networks in a variety of exporting countries” (Gereffi, 
1999Gereffi, 1999, p. 42). Firms in buyer–driven commodity chains can generate profits not only 
from production but also from high value–added activities such as research, design, sales, 
marketing, and financial services, and work as “strategic brokers in linking overseas factories” 
for creating strong global brands (Gereffi, 1999Gereffi, 1999, p. 43). Many U.S. apparel brands 
without any domestic production facilities misclassify themselves as apparel manufacturers 
(NAICS 315) (Ha–Brookshire & Dyer, 2008). For example, Liz Claiborne Inc., a famous global 
apparel brand, is registered as NAICS 315: Apparel Manufacturing, even though the company 
does not own any production facilities, neither domestically, nor abroad (Gereffi, 1999Gereffi, 
1999).  
The Japanese apparel industry, which has been following the business models of the U.S. 
and European apparel firms, still might not have the knowledge base, expertise, and 
sophistication of the U.S. apparel firms in terms of innovation, product strategy, marketing, and 
supply chain management (Choi, 2011). Due to a strong Japanese consumers’ demand  for 
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high-quality domestically produced apparel  (Lee & Karpova, 2011), it is very likely that the 
Japanese apparel industry is structured largely based on craftsmanship and, in comparison with 
the U.S. apparel industry, has a relatively high proportion of blue-collar workers with less 
expertise in other knowledge based activities such as innovation, product strategy, marketing, 
and supply chain management (Choi, 2011). This might be the reason why no causal relationship 
was found between total factor productivity growth and income growth in the Japanese apparel 
industry.  
The U.S. apparel industry is by far superior in terms of diversity, global manufacturing 
operations, and global marketing than the U.S. textile industry, which still produces a large 
amount of their final products domestically (Baughman, 2005). Therefore, the U.S. textile 
industry still has a greater proportion of blue-collar workers and craftsmanship in product 
manufacturing. As a result, the industry might not rely as much on knowledge, or total factor 
productivity, for increasing its competitiveness as the U.S. apparel industry does. This might be 
the reason why no causal relationship was found between total factor productivity growth and 
income growth in the U.S. textile industry. The same argument can be applied to the Japanese 
textile industry.  
5.3. Implications 
The investigation of textile and apparel industries competitiveness in the United States 
and Japan contributed theoretically, empirically, and methodologically to the existing body of 
competitiveness research. The results of the study might have important practical implications 
for textile and apparel companies in the United States and Japan as well as textile and apparel 
industries and companies in other developed economies. Implications and contributions of the 
research are discussed below.  
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5.3.1. Theoretical, empirical, and methodological implications.  
A major theoretical contribution of this study was the development of a comprehensive 
definition of competitiveness that clarifies the major construct of Porter’s (1990) competitive 
advantage theory. Scholars have continuously reported a compelling need to establish consensual 
meaning of the competitiveness construct (Aiginger, 1995; Krugman, 1994a; Powell, 2001; 
Siggle, 2001). Based on Porter’s competitive advantage theory (1990) and content analysis of ten 
existing competitiveness definitions, this study identified three theoretical factors in the 
competitiveness construct and clarified as well as interpreted them based on extant research.  
The three factors of the competitiveness construct included: the principle goal, the 
method, and the environment. Further, relationships between the three factors were proposed. 
Based on the three factors and their interrelationships, a comprehensive definition of the 
competitiveness construct was developed for both national and industrial levels. The definition 
of the competitiveness construct allows scholars to understand where to start their academic 
endeavor and continue the consorted effort for the further theoretical development and empirical 
work based on competitive advantage theory (Porter, 1990). By doing so, scholars can expand 
competitive advantage theory and identify true causes of what makes industries and nations 
competitive, i.e., what increases the standard of living of people in these nations or industries. 
Empirically, this research for the first time examined and compared whether industry’s 
performance in trade and productivity affected competitiveness in the United States and Japan’s 
textile and apparel sectors. This was the first study to combine three important economic theories 
together, including competitive advantage theory (Porter, 1990), comparative advantage theory 
(Krugman & Obsfteld, 1999), and new growth theory (Krugman, 1990; Romer, 1986), to 
propose and test a theoretical framework. This research results supported that there was no 
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relationship between industry’s performance in trade, measured by trade balance growth, and 
competitiveness of an industry, measured by the industry workers’ income growth. The findings 
of this research for the U.S. and Japanese apparel and textile proved extant theoretical 
developments industries (Krugman, 1994a; Krugman & Obstfeld, 1999; Verma, 2002) that there 
was no causal relationship between trade and competitiveness.  
This study found that in the case of the U.S. apparel industry there is a causal effect of 
industry’s performance in productivity, measured by total factor productivity growth, on 
competitiveness of the industry, measured by income growth. The causal relationship between 
productivity and competitiveness was not confirmed for the three other industries in the study: 
U.S. textile industry and Japanese textile and apparel industries. No previous study has examined 
longitudinal effect of trade and productivity in the textile and apparel industries on the industries’ 
competitiveness.  
Methodologically, this research for the first time utilized Granger causality test (Granger, 
1987) to examine the causal effect of (a) trade and (b) productivity on competitiveness of the 
textile and apparel industries. Even though Granger causality test has been used to identify causal 
effects of various economic indicators in the economics research stream (e. g., Chang, Lee & 
Chang, 2013), there has been no research that used Granger causality test to identify the effects of 
economic indicators such as trade balance and productivity on the principle goal of 
competitiveness. This study contributed to increasing the validity of the causal test since Granger 
causality test can identify the long–term causal effect of independent variables that would not have 
been captured with simple regression analysis. The use of Granger causality test is especially 
effective in identifying a causal effect of economic factors because there is always a time lag when 
one economic factor affects another economic factor (e. g., the effect of the interest rate change on 
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the housing price change) (Cho & Ma, 2006). The use of Granger causality test in this research 
provides a new methodological approach for scholars in the context of textiles and apparel as well 
as in the competitiveness research in general. 
5.3.2. Practical implications. 
The findings of this research have important practical implications for textile and apparel 
firms, professional associations, and policy makers in developed countries. The research results 
point out how apparel and textile firms and industries in developed countries can increase their 
competitiveness. While the findings of the study did not provide support for the causal 
relationship between productivity and the principle goal of competitiveness in the U.S. textile and 
Japanese textile and apparel industries, this causal relationship was confirmed for the U.S. apparel 
industry. The discrepancy in the research results could be due to the fact that in the U.S. apparel 
industry, productivity, or knowledge, plays a greater role in the industry competitiveness than in 
the other three industries. Indeed, the U.S. apparel industry has been known for a stronger focus on 
high value–added activities such as innovation and product strategy, marketing, and supply chain 
management, which created well–known global brands (Gereffi, 1999Gereffi, 1999; Gereffi et 
al.,Humphrey, 2005). A high proportion of high value–added activities in the U.S. apparel industry 
might have resulted in being more easily captured in the measure of productivity in this study, the 
growth of knowledge. This result has an implication for other industries such as shoe industry in 
developed countries, which might focus on high value–added activities.  
Government officials and policy makers in the United States and Japan, as well as those 
in other countries interested in textile and apparel industry competitiveness, can use the results of 
this study as a guide to formulate strategies supporting their domestic industries. Governments 
can create policies to increase industrial competitiveness of domestic textile and apparel 
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industries, depending on whether an industry focuses on value–added activities, such as 
innovation, product strategy, marketing, and supply chain management, or not. If an industry is 
still producing domestically and does not focus on the value–added activities, policies could be 
developed to encourage industry restructuring in order to increase high value–added activities. If 
an industry already focuses on high value–added activities, policies could be developed that 
encourage further increase in the industry’s productivity by investing in creation, accumulation, 
and sharing of knowledge in innovation and product strategies, marketing, and supply chain 
management through encouraging development of the industry clusters, or agglomerations.  
5.4. Limitations 
The study has several limitations: (a) the generalizability of the research results, (b) the 
nature of secondary data, and (c) operationalization of the principle goal of competitiveness. Since 
the study’s sample was limited to the textile and apparel industries in the United States and Japan, 
generalizing results to other industries and nations with different social, cultural, economic, and 
political backgrounds should be done with caution. Second, the research method using secondary 
data has several limitations due to the nature of the data. The secondary data that were used in this 
research were aggregated at the industry level and may introduce a bias in estimating and 
comparing the relationship between major research variables (Barnum & Gleason, 2007). Another 
bias could come from the use of the GDP purchasing power parity (PPP) exchange rate (OECD, n. 
d.; OECD, 2011) and consumer price index deflator (Bureau of Labor Statistics, 2012) that are 
averaged annually. Because the two economic indicators are averaged annually, there might be a 
bias as the indicators change constantly as a result of the changes in economic environment. 
Finally, this study collected the data as time series for major research variables, which was 
reported in a yearly time span. Monthly or quarterly time series data would have resulted in a 
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higher precision in estimating the Granger causality model because of a higher number of data 
points. This study used yearly data because only yearly data were available across all research 
variables, industries, and countries under the investigation.  
Third, this research conceptualized the principle goal of industrial competitiveness as 
rising standard of living represented by the three indicators: (a) income per capita in an industry; 
(b) employment level; and (c) income distribution equity. However, in this study the principle goal 
for industrial competitiveness was operationalized solely as income per capita for textiles and 
apparel industries separately. This was done for two reasons. First, there is a great technical 
difficulty to measure an industry employment level because employment level is measured by 
the number of unemployed workers divided by all employed, and unemployed workers are not 
captured at the industry level in both the U.S. and Japanese secondary data sources (Becker & 
Gray, 2009; Ministry of Economy, Research and Statistics Department, 2005; Ministry of 
Economy, Research and Statistics Department, 2005–2010; U.S. Bureau of Labor Statistics, 
2008; U.S. Census Bureau, n. d.). Second, data for equity in income distribution at the industry 
level is unavailable for both countries (U.S. Census Bureau, 2012; Japanese Statistics Bureau, 
2008). As a result, the incomplete representation of the dependent research variable, the principle 
goal of industrial competitiveness, could be the reason that the relationship between this 
construct and productivity was supported only for the U.S. apparel industry but not for the other 
three industries.  
5.5. Future Research 
The findings of this research provide a better understanding of how textile and apparel 
trade and productivity affect industrial competitiveness. The results of this study indicate that only 
in the U.S. apparel industry productivity has a causal effect on the industry’s competitiveness. The 
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same association was not confirmed for the other three industries examined in the study (the U.S. 
textile industry and Japanese textile and apparel industries). It is important to further investigate 
how textile and apparel industries’ competitiveness in other developed economies is affected by 
trade and productivity. To extend the results of this study, various industries in developed 
countries could be examined following the proposed theoretical framework and employing the 
same methodology.  
Future research might further investigate characteristics of the apparel industry in the 
United States and Japan in terms of industrial competitiveness. The study found that productivity 
is positively related to the principle goal of industrial competitiveness in the U. S. apparel industry. 
Future research could qualitatively investigate how the U.S. apparel industry increases 
competitiveness using productivity growth in its entities. Scholars might investigate what 
knowledge means and how it is used in the textile and apparel industries because extant research 
theoretically argued for the importance of knowledge growth in productivity growth, yet was not 
able to fully explain and prove the proposition. 
Another interesting research finding was that the principle goal of industrial 
competitiveness negatively affects trade balance in the Japanese apparel industry. This result 
points out that the Japanese apparel industry might have a structure that is different from the U.S. 
apparel industry. Specifically, Japanese apparel industry might still have a higher portion of 
apparel produced domestically and employ a significant number of blue-collar workers  to satisfy 
Japanese consumers’ demand for high-quality apparel (Lee & Karpova, 2011). This research result 
showed that the industry structure with a high number of workers with craftsmanship might be, in 
fact, more susceptible to competing against developing countries with low labor cost but rapidly 
increasing skill levels. It would be worthwhile to look closely to how this dynamic works in other 
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contexts and investigate what would be best for industries to focus in their operations to maintain 
prolonged competitiveness. It is also important to examine the effect of the two traditional input 
factors, labor and capital, along with the knowledge factor on industrial competitiveness in the U.S. 
and Japanese textile and apparel industries. The traditional input factors might still have some 
influence on the growth of industrial competitiveness in the textile and apparel industries in 
developed countries.  
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Appendix A 
Figure 5. Data Plots of Income Growth (IG), Trade Balance Growth (TBG), and Total Factor 
Productivity Growth (TFPG) for the U.S. Textile and Apparel Industries 
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Figure 6. Data Plots of Income Growth (IG), Trade Balance Growth (TBG), and Total Factor 
Productivity Growth (TFPG) for the Japanese Textile and Apparel Industry 
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Appendix B 
Figure 7. Residual Plots for the U.S. Textile and Apparel Industry Variables 
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Figure 8. Residual Plots for the Japanese Textile and Apparel Industry Variables 
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Appendix C 
Interpretation of Trade Balance Growth (      
The following section explains how to interpret the result of trade balance growth 
(     . This study calculate grade balance growth by the difference between trade balance in the 
current year (   ) and trade balance in the previous year (     ) divided by the absolute value 
of the trade balance in the previous year (Equation 1). Trade balance in the current year (   ) is 
export in the current year minus and import in the current (Equation 2). Based on that, trade 
balance in the previous year (     ) is defined as export in the previous year minus import in the 
previous year (Equation 3).  
 
     
         
|     |
 (a) 
             (b) 
                   (c) 
 
The following calculations shows the interpretation of      depending on     and 
      (Table 1). If      is positive and    is positive,      can be solved as follows 
(Equation 4); 
 
     
         
     
 
   
     
   (d) 
(a.1).     will be positive if 
   
     
is bigger than 1. 
   
     
is bigger than 1 if    is bigger 
than      .  
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(a.2).     will be negative if 
   
     
is less than 1. 
   
     
is less than 1 if    is smaller than 
     . 
 
If      is positive and    is negative,      can be solved as follows (Equation 5); 
 
     
         
     
 
   
     
   (5) 
(b.1).     will be positive if 
   
     
is bigger than 1. This cannot happen because    is 
always smaller than       because    is negative and       is positive making 
   
     
 
always negative.  
(b.2)      will be negative if 
   
     
is smaller than 1. This is always true because    is 
negative and       is always positive making 
   
     
 always negative. 
 
If      is negative and    is positive,      can be solved as follows (Equation 6); 
     
         
      
   
   
     
 (6) 
(c.1).      will be positive if 
   
     
is less than 1. This will be true because    is positive 
and       is always negative making 
   
     
 always negative.  
(c.2).      will be negative if 
   
     
is bigger than 1. This cannot happen because    is 
positive and       is negative making 
   
     
 always negative.  
 
If      is negative and    is negative,      can be solved as follows (Equation 7); 
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 (7) 
(d.1).     will be positive if 
   
     
is smaller than 1. This happens if    is bigger than 
     .  
(d.2)      will be negative if 
   
     
is bigger than 1. This happens if    is smaller than 
     . 
 
As a result, negative      means that    is smaller than      .Positive      means 
that    is bigger than      . 
 
Table 27. The Interpretation of Trade Balance Growth (      
     
positive negative 
      
positive 
(a.1). If    is bigger than 
     ,      is positive.  
(a.2). If    is smaller than 
     ,      is negative.  
(b.1, b.2)      is always 
negative.  
negative 
(c.1, 
c.2)                positive. 
(d.1). If    is bigger than 
     ,      is positive. 
(d.2). If    is smaller than 
     ,      is negative. 
 
    is smaller than       means as follows (Equation 8, 9 and 10);  
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          (8) 
                      (9) 
                      (10) 
 
Therefore, negative      basically means that the trade balance growth of the current year is 
smaller than the trade balance growth of the previous year. It also means that the change of 
export of the current year from the previous year is smaller than the change of import of the 
current year from the previous year.   
   is bigger than       means as follows (Equation 11, 12 and 13);  
 
          (11) 
                      (12) 
                      (13) 
 
Therefore, positive      basically means that the trade balance growth of the current year is 
bigger than the trade balance growth of the previous year. It also means that the change of export 
of the current year from the previous year is bigger than the change of import of the current year 
from the previous year.  
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Appendix D 
Table 28. Data Collection 
 United States  Japan 
Year Reference Year Reference 
T
o
ta
l 
o
u
tp
u
t 
an
d
 I
n
p
u
ts
 
Total 
output, 
labor 
input, 
capital 
input, and 
intermedia
te input 
1961–
2005 
Becker, R. A. & Gray, W. B. (2009). 
NBER–CES manufacturing industry 
database. Retrieved April 14, 2010 
from 
http://www.nber.org/data/nbprod2005.h
tml 
1961–
2003 
 
Ministry of Economy, Research and 
Statistics Department. (2005). 第8
章 鉱工業; 8–6 製造業の産業
中分類別事業所数，従業者数，
現金給与総額，原材料使用額等，
製造品出荷額等，生産額，製造
品在庫額及び付加価値額（昭和
23年～平成15年）. Retrieved April 
15, 2010 from 
http://www.stat.go.jp/data/chouki/0
8.htm 
2006–
2010 
U.S. Census Bureau. (n.d.). Annual 
survey of manufactures. Retrieved from 
http://www.census.gov/manufacturing/
asm/index.html 
 
2004–
2010 
 
Ministry of Economy, Research and 
Statistics Department. (2005–
2010). 工業統計調査. Retrieved 
August 25, 2010 from 
http://www.meti.go.jp/statistics/tyo/
kougyo/result–2.html 
Capital 
investmen
t 
– 
– 
 
1961–
2010 
Ministry of Economy, Research and 
Statistics Department. (Various 
years). Census of Manufactures: 
Report by Industry [工業統計アー
カイブス]. Retrieved March 24, 
2010, from 
http://www.meti.go.jp/statistics/tyo/
kougyo/archives/index.html 
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Table 28 continued 
 United States  Japan 
Year Reference Year Reference 
T
ra
d
e 
B
al
an
ce
 
Import 
and export 
1961–
1972 
 
U.S. bureau of the census (1961–1972). 
United States imports of merchandise 
for consumption, commodity by 
country of origin. Washington D. C.: 
U.S. Bureau of the Census.  
1961–
2010 
– 
Japanese kanzei kyokai. (n.d.). 
Japan exports & imports. Country 
by commodity. [Nihon boueki 
geppyou]. Tokyo; Japanese Kanzei 
Kyokai.  
 1967–
2007 
 
U.S. bureau of the census. (1967–
2007). U.S. foreign trade. Imports, 
commodity by country. Washington D. 
C.: U.S. Bureau of the Census.  
E
x
ch
an
g
e 
ra
te
s 
The GDP 
purchasin
g power 
parity 
(PPP) 
exchange 
rate 
1961–
2010 
 
OECD. (n.d.). Purchasing Power Parities–Frequently Asked Questions (FAQs). 
Retrieved April 15, 2010 from 
http://www.oecd.org/document/5/0,3746,en_2649_34347_45854149_1_1_1_1,00.html
#bmdates 
OECD. (2011). OECD.StatExtracts. Retrieved on November 10, 2011 from 
http://stats.oecd.org/Index.aspx?DatasetCode=PDYGTH 
 
C
o
n
su
m
er
 P
ri
ce
 
In
d
ex
 
Consumer 
price 
index 
deflator 1961–
2010 
Bureau of Labor Statistics. (2012). CPI Inflation Calculator. Retrieved April 15, 2011 
from http://data.bls.gov/cgi–bin/cpicalc.pl 
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Appendix E 
Figure 9. Stationarity Analyses Results for the U.S. Income Growth, Trade Balance Growth and 
Total Factor Productivity Growth Variables 
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Figure 9 continued 
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Figure 10. Stationarity Analyses Results for the Japanese Income Growth, Trade Balance Growth 
and Total Factor Productivity Growth Variables 
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Figure 20 continued 
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Appendix F 
List of Regression Models with Various Lag Structure for Granger causality test 
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